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EDITOR’S  VIEWPOINT 


Nelsen  and  Kumpula  (p.  158)  describe 
a  panographic  radiographic  technique  and 
an  apparatus  for  the  technique.  The  im¬ 
portance  of  radiography  in  oral  diagnosis  is 
sufficient  stimulus  to  .search  for  an  easier,  less 
expensive,  and  time-saving  method  of  exam¬ 
ining  the  calcified  oral  structures.  While  the 
panographic  method  probably  will  never  re¬ 
place  conventional  methods  for  intraoral 
radiographs  used  for  diagnosis,  it  may  well 
bear  the  same  relationship  to  the  contempo¬ 
rary  technique  that  the  35  mm.  chest  film 
bears  to  the  large  chest  plate,  i.e.,  in  large 
group  surveys  panographic  radiography  may 
rapidly  reveal  those  individuals  who  should 
l>e  examined  by  conventional  intraoral  radio¬ 
graphs. 

Fleming  (p.  166)  successfully  transplanted 
tooth  germs  into  the  anterior  chambers  of 
animals  of  the  same  and  different  species. 
His  results  show  the  ability  of  the  tooth  germ 
to  form  in  intraoral  sites  and  that  the  amelo- 
blasts  and  odontoblasts,  once  differentiated, 
have  the  ability  to  form  enamel  or  dentin 
independent  of  each  other.  The  resemblance 
of  Fleming’s  illustrated  sections  to  various 
intraoral  anomalies,  sometimes  called  neo¬ 
plasms,  and  to  mixed  odontogenic  tumors  is 
striking. 

The  po.ssible  role  of  phosphata.se  in  releas¬ 
ing  phosphates  has  been  discussed  in  relation¬ 
ship  to  dental  caries.  On  the  basis  of  a  lim¬ 
ited  .study  it  was  suggested  that  bacteria 
made  relatively  little  contribution  to  the  acid 
phosphatase  content  of  saliva  but  a  more 
complete  study  by  Fitzgerald  (p.  189)  in¬ 
dicates  that  certain  oral  bacteria  may  be  rich 
sources  of  this  enzyme.  The  agreement  be¬ 
tween  salivary  lactobacillus  counts,  Snyder 
test  results,  and  the  phosphatase  content  of 
saliva,  lead  Fitzgerald  to  suggest  the  u.se  of 
this  latter  test  as  a  faster  and  simpler  index 
for  caries  susceptibility. 

Massler,  Ludwick,  and  Schour  (p.  195) 
were  unable  to  find  any  correlation,  po.si- 
tive  or  negative,  between  gingivitis  and 
caries  experience.  It  should  be  pointed  out 
that  severity  of  gingivitis,  as  used  by  these 


authors,  refers  to  the  (piaiitity  of  tissue 
involved  rather  than  to  the  mildness  or 
severity  of  attack  by  the  disease  process 
in  a  given  area.  We  usually  consider  a 
severe  stomatitis  or  gingivitis  one  which 
involves  depth  of  tissue  in  a  marked  dis¬ 
ease  process  rather  than  one  which  super¬ 
ficially  involves  most  of  the  oral  tissues  or 
gingivae  in  a  mild  manner.  To  this  extent 
PAIA  fails  to  record  the  true  severity  of 
disea.se. 

Neumann,  I..efkowitz,  and  DiSalvo  (p.  200) 
conducted  an  interesting  study  of  a  group  of 
102  children  who  were  required  to  chew  sugar 
cane  daily.  This  group  showed  approxi¬ 
mately  one-half  the  number  of  new  cavities 
as  were  found  in  two  control  groups  after  18 
months.  The  authors  are  inclined  to  credit 
the  decreased  caries  activity  to  physiologic 
changes  in  the  teeth,  a  theory  advanced  by 
Neumann,  and  by  Neumann  and  DiSalvo,  in 
earlier  publications,  although  the  authors  ad¬ 
mit  that  the  detergent  action  of  the  cane,  or 
other  factors,  may  be  effective.  The  chewing 
of  fibrous  materials  at  the  end  of  each  meal 
has  been  suggested  from  time  to  time  to  re¬ 
duce  caries  activity  but  has  never  been  pop¬ 
ularized.  The  authors  point  out  that  other 
methods  of  caries  control,  which  are  equally 
effective,  are  adopted  more  readily. 

The  problem  of  electric  currents  in  the 
oral  cavity  has  long  been  the  subject  of  de¬ 
bate.  A  thorough  investigation  of  the  prob¬ 
lem,  from  the  viewpoint  of  physics,  is  re¬ 
ported  by  Schriever  and  Diamond  (p.  205). 
They  demonstrate  the  existence  of  such  cur¬ 
rents  between  different  fillings  and  around 
individual  fillings.  They  consider  the  “bone 
fluid,”  i.e.,  the  electrolytes  of  the  teeth, 
bone,  and  soft  tissue,  as  important  as  the 
saliva.  They  suggest  that  pathologic  lesions 
may  be  caused  by  electric  currents  through 
and  around  fillings  but  do  not  demonstrate 
such  lesions.  It  is  proposed  that  individual 
sensitivity  of  the  patient  to  metallic  ions 
may  be  more  important  than  the  magnitude 
of  the  current.  The  effect  of  “insulating” 
cements  beween  the  metallic  fillings  and  the 
“bone  fluid”  is  not  discussed  nor  is  the 


155 


156 


EDITOR’S  VIEWPOINT 


J.  D.  Re». 
April,  1952 


possible  eflFect  of  dentin  selerosis.  The  estab¬ 
lishment  of  the  existence  of  the  electromotive 
forces  is  significant  and  the  techniques  and 
apparatus  described  are  worthy  of  application 
in  studies  of  mouths  with  pathologic  lesions 
presumably  caused  by  electric  currents  about 
metallic  fillings. 

Dalton  (p.  230)  “interfered  with  the  con¬ 
tinuity  of  the  rat  maxilla”  to  investigate 
the  healing  process.  This  is  the  equivalent  of 
fracturing  the  zygoma  and  firmly  fixing  the 
fracture.  This  direct  approach  demonstrated 
that  the  maxilla  heals  by  bony  union,  al 
though  many  had  claimed  that  there  is  only 
fibrous  union  in  that  bone.  Even  in  the 
presence  of  osteomyelitis,  which  occurred  in 
some  animals,  there  was  bony  union.  The 
experimental  approach  to  this  problem  clearly 
demonstrates  the  value  of  such  a  method  and 
its  relative  simplicity. 

Butcher  and  Taylor  (p.  239)  were  able  to 
strangulate  the  vessels  at  the  apices  of  the 
pulps  of  monkeys  by  relatively  great  forces 
in  retraction.  This  should  not  be  interpreted 
to  mean  that  the  relatively  light  forces  used 
by  orthodontists  cause  this  cutting  otf  of 
va.scularity  or  that  this  type  of  strangulation 
is  in  any  way  similar  to  the  “  self -strangula¬ 
tion”  once  believed  to  be  produced  by  pulpal 
hyperemia.  It  is  improbable  that  even  the 
heavy  force  sometimes  applied  in  intermax¬ 
illary  wiring  for  fixation  of  fractures  would 
be  severe  enough  to  result  in  pulp  strangula¬ 
tion. 

Kraus  (p.  24S),  investigating  the  un¬ 
erupted  teeth  of  pre-Columbian  Indians, 
failed  to  find  confirmation  for  the  statement 
that  the  deutino-eiiamel  junction  “blue¬ 
prints”  the  tooth  pattern.  The  dentiuo- 
euamel  outline  in  calcified  teeth  does  not  of¬ 
fer  indication  of  the  exact  outline  of  the 
enamel  surface.  It  is  suggested  that  uni¬ 
laterally  active  genetic  factors  may  deter¬ 
mine  the  differences  between  the  enamel  out¬ 
line  and  the  dentinal  outline. 

Bhaskar,  Schour,  Creep,  and  Weinuiann 
(l».  257)  used  parathyroid  hormone  on  ia 
rats  in  an  attempt  to  correct  genetic  anom¬ 
alies.  The  ia  rat  has  a  failure  of  the  normal 
osteoclastic  activity  and  one  of  the  results 
is  distortion  and  ankylosis  of  developing 
teeth.  It  is  extremely  interesting  that  the 
use  of  parathormone  reduct‘d  the  incidence 


in  severity  of  dental  anomalies  and  in  many 
instances  permitted  the  eruption  of  teeth. 
The  study  strongly  suggests  that  the  osteo¬ 
clasts  in  ia  rats  lack  an  enzyme  which  would 
[lermit  the  di.ssolution  of  bone  matrix,  or  el.se 
that  they  require  a  very  high  threshold  of 
parathormone  to  pro<luce  this  enzyme.  The 
possible  curative  effects  of  parathyroid  hor 
mone,  even  in  the  presence  of  other  adverse 
factors,  is  clearly  demonstrated. 

Dreizen,  Niedermeier,  Reed,  and  Spies 
(p.  271)  found  that  ACTH  and  corti.sone  in¬ 
fluenced  the  salivary  sodium  concentration 
but  not  .salivary  potassium  concentration. 
Since  the  levels  of  sodium  and  potassium  in 
saliva  did  not  refle<-t  those  in  blood,  the 
authors  conclmle  that  saliva  ia  more  than  a 
filtrate  of  bloo<l  and  that  the  selective  con¬ 
centration  of  blood  salts  in  saliva  is  under 
hormonal  as  well  as  neural  influence.  These 
significant  findings  suggest  the  need  for 
re  examination  of  some  data  on  salivary  com¬ 
position  and  its  variation.  Recently,  Sand 
(J.  App.  Physiol.  4:  66,  1951)  presented  a 
similar  suggestion  of  the  salivary  glands 
forming  or  concentrating  chemical  sub.stances. 

Ballantyne,  Rae,  and  Lawford  (p.  281) 
were  unable  to  correlate  salivary  lactobacillus 
counts  with  ammonia  production  or  urease 
activity  in  saliva.  This  entire  problem  of 
salivary  ammonia-dental  caries  relationship 
has  been  repeatedly  revised  during  the  past 
two  decades,  but  the  weight  of  evidence  and 
opinion  appears  to  indicate  a  lack  of  cause 
and  effect  relationship. 

The  effect  of  metabolic  disturbances  on  the 
alkaline  phosphatase  of  bones  and  teeth  was 
investigated  by  Morse  and  Greep  (p.  284). 
Neither  experimental  rickets,  hypophysec- 
tomy,  nor  a  genetic  abnormality  in  bone 
growth  appeared  to  profoundly  effect  the 
localization  of  alkaline  phosphatase  within 
tissues  but  in  the  areas  of  changes  in 
morphological  pattern  the  distribution  pat¬ 
tern  varied. 

The  problem  of  the  hardness  and  softness 
of  teeth  has  been  debated  for  many  years 
and  a  number  of  individuals  have  made  ef¬ 
forts  to  study  the  hardness  of  enamel  by 
many  different  methods.  It  has  often  been 
a.ssumed  that  areas  of  reduced  hardness  would 
also  be  areas  that  would  be  more  soluble. 
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Schwartz  aii<l  Phillips  (p.  293)  havo  invoati- 
untofj  this  prohJpm  usint;  rather  precis*' 
tts'hniqnes  and  found  that  lioth  the  hardness 
an<i  soluliility  of  enamel  varied  from  tooth 
to  tooth  and  from  area  to  area  within  the 
same  tooth.  However,  no  correlation  l>etween 
hardness  and  solubility  was  detected.  This 
is  an  interesting  point  in  consi<lerntion  of  the 
dissolution  of  enamel  by  acids  pro<bicetl  in 


traorally.  It  also  is  interesting  t»)  consifler 
the  relationship  of  this  to  the  reduced  solu¬ 
bility  of  fluoridnteil  enamel  and  the  fact  that 
tluoriilntion  also  a|>|>ears  to  produce  a  harder 
enamel  surface.  Apjtarently,  this  relation¬ 
ship  between  hnr<lness  and  solubility,  which 
is  prrxbiced  by  artificial  means,  rloes  not  hoM 
for  the  inherent  condition  of  the  enamel  sur¬ 
face. 


k. 


1’ ANO(  i  K  A  PH  I C  R  A  1)1  ( )( }  R  A  PHY 
ROBERT  J.  NELSEX,*  D.D.S.,  AND  JOHN  \V.  KU>’BULA 
University  of  Washinyfon,  Seattle  5,  Wash. 

MODKRN  inctliods  of  (liapnosis  and  treatment  of  diseases  of  the  teeth  and 
their  snrroundinfr  strnetures  require  that  the  dentist  have  a  complete 
series  of  dental  radiofrrai)hs  for  each  patient.*  Conventional  methods  of  intra¬ 
oral  radiography  necessitate  repetitious  exposure  and  processing  eycles  of 
small  and  difficult  to  handle  films.  The  use  of  a  single  strij)  of  film  fo  record 
the  ai)ices  of  an  entire  dental  arch  or  a  complete  bite-wing  survey  would  have 
obvious  advantages  over  the  present  methods  of  dental  radiography.  These 
advantages  would  be  most  apparent  in  situations  which  require  x-ray  exam¬ 
inations  of  large  numbers  of  persons  such  as  in  the  military  and  public  health 
services. 

An  api)aratus  (Fig.  1)  has  been  develoi)ed  at  the  University  of  Washington 
which  will  automatically  ex])ose  a  s|)ecially  shaped  film,  ])roducing  on  the 
single  strip,  a  usable  image  of  the  entire  dental  arch  (Fig.  2).  This  method 
of  radiography  has  been  termed  “panographic  radiography.”  It  is  based 
ui)on  similar  methods  described  independently  by  Paatero^  and  Smathers.^ 

OUTLINE  OF  METHOD 

In  this  method,  a  narrow  beam  of  x-radiation  is  directed  through  the  tissues 
to  a  lead  backed  film  which  is  aligned  in  the  mouth  by  means  of  a  tray  type 
film  holder.  The  full  arch  exposure  is  made  by  fhe  coordinated  motion  of  the 
object  and  the  narrow  beam  of  x-radiation  which  causes  the  film  to  be  exposed 
somewhat  in  the  same  way  as  the  film  in  a  camera  equipped  with  a  focal  plane 
shutter. 

REQUIREMENTS  OF  THE  APPARATUS 

Fig.  3  shows  the  basic  elements  of  the  ap])aratus.  At  is  the  control  panel 
and  transformer  of  the  x-ray  machine  which  must  have  an  air-cooled  tube  B 
liermitting  the  extended  operation  required  in  making  these  exposures.  The 
air-cooled  tube  is  also  lighter  in  weight  than  the  other  types  of  tubes  and 
thereby  allows  more  flexibility  and  better  balance  in  the  operation  of  the  unit. 
The  cone  C  is  constructed  of  a  %2  lead  sheet  and  is  provided  with  a  vertical 
opening  1  mm.  in  width  and  85  mm.  in  height.  The  target  film  distance  is  ap¬ 
proximately  fourteen  inches.  The  stand  D  supports  the  control  panel  and  an 
internal  element  E  which  moves  horizontally  within  the  support  stand  and  also 
rotates  about  the  horizontal  axis  XX\  The  horizontal  movement  of  this 
element  permits  the  source  of  radiation  to  be  moved  linearly  for  the  exposure 
of  the  posterior  teeth  of  either  side.  The  rotation  of  this  element  provides  a 
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means  of  altering  the  vertical  angulation  of  the  x-ray  beam  /f  as  required 
during  the  exposure  of  the  anterior  and  jmsterior  teeth.  The  chair  is  positioned 
in  such  a  manner  that  it  can  rotate  about  the  vertical  axis  Z  which  intersects 
the  horizontal  axis  at  O. 

The  magnitude  of  all  movements  is  preselected  by  various  adjustments  at 
the  control  panel.  In  function,  these  movements  are  selected  and  controlled  by 
selsens  and  relays.  The  unit  is  hydraulically  driven  by  a  pump  located  sepa¬ 
rately  from  the  unit  to  eliminate  vibration.  The  chair  is  rotated  by  means  of  a 
motor-driven  worm  gear. 

RELATIVE  MOVEMENTS  OF  THE  UNIT  AND  THE  PATIENT 

Since  the  movements  of  the  machine  and  the  chair  occur  about  the  inter¬ 
secting  horizontal  and  vertical  axes,  respectively,  and  the  central  beam  of 
radiation  rotates  about  the  horizontal  axis  it  is  necessary  that  the  patient  be 


Fig.  1. — Front  view  of  completely  automatic  unit  showing  rotating  chair  and  the  tube  support 

stand  with  control  panel. 


positioned  in  the  chair  in  such  a  manner  that  the  center  of  the  arc  of  the  dental 
arch  will  he  precisely  at  the  intersection  of  these  axes.  In  other  wmrds,  the 
patient  must  be  positioned  very  accurately  to  the  machine  if  the  correct 
geometric  relation  of  film-object-radiation  is  to  be  maintained  during  the  ex¬ 
posure. 

Film  trays  or  holders  have  been  provided  to  facilitate  the  placement  of 
the  film  strip  and  to  stabilize  it  during  the  exposure  (Fig.  4).  The  extension 
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Kip.  3. — Drawinp  of  a  panoRraphio  x-ray  apparatus  showinp  t-ssential  elements.  A,  the 
control  panel  and  transformer  of  the  x-ray  machine ;  B,  air-cooled  tube :  C,  lead-lineil  cone 
which  pas.ses  narrow  beam  of  radiation,  central  beam  of  which  is  representeil  by  R:  D,  unit 
support  stanrl ;  E,  horizontal  element  which  moves  through  I)  and  rotates  about  axis  X-X’ , 
X,  axis  of  chair  rotation  which  intersects  axis  X-X'  and  R  at  O. 
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vvinprs  on  the  film  trays  funetion  as  an  indicator  of  the  position  of  the  film  in 
the  month  and  serve  as  a  reference  in  the  alignment  of  the  patient  in  the 
unit. 

Obviously,  the  dental  structures  of  each  ])atient  vary  in  their  arch  size, 
typal  form  and  inclination  of  the  teeth.  Prior  to  the  alignment  of  the  patient 
in  the  unit,  the  size  and  sha])e  of  the  dental  arches  must  he  determined.  The 
method  which  api)ears  to  he  the  mo.st  usable  is  that  in  which  the  patient  merely 
bites  on  a  sheet  of  wax  which  has  reference  lines  ruled  on  it.  By  using  this 
wax  bite  as  an  index,  the  magnitude  of  the  various  movements  of  the  apparatus 


Fig.  4. — Metal  film  holders  which  facilitate  placement  of  films  and  alignment  of  patient  to 

machine. 

is  determined  and  adjustments  of  the  controls  made  accordingly.  These  ad¬ 
justments  can  be  made  to  vary  the  length  of  the  horizontal  travel  of  the  tube, 
the  extent  of  the  rotation  of  the  chair,  and  the  change  in  the  vertical  angula¬ 
tion  of  the  beam  of  radiation  as  are  required  for  each  patient. 

Once  the  unit  has  been  set  for  a  particular  subject,  the  film  placed  and 
the  jiatient  projicrly  aligned  in  the  unit,  the  entire  exposure  is  automatically 
completed.  Fig.  5  shows  the  slotted  tube  in  its  starting  position  for  an  ex- 
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posure  of  the  entire  lower  jaw,  and  FIr.  6  illustrates  the  starting  position  in 
the  retromolar  area  and  the  area  exposed  as  the  narrow  beam  of  radiation 
passes  horizontally  across  the  posterior  arch  segment.  The  extent  of  this  first 
movement  is  determined  by  the  arch  size  and  form.  The  tube  stops  its  hori¬ 
zontal  travel  at  the  point  in  the  arch  where  the  curve  of  the  anterior  segment  l>e- 
gins.  The  chair  then  commences  to  rotate  at  this  point  to  expose  the  curved  seg¬ 
ment  of  the  arch.  When  the  beam  of  radiation  passes  over  the  anterior  teeth, 
the  tube  automatically  assumes  the  vertical  angulation  as  determined  at  the 
time  the  unit  was  set.  Fig.  7  shows  diagrammatically  the  manner  in  which  the 


Fig.  5. — Film  held  In  place  with  cotton  rolls.  Lead-walled  cone  which  passes  1  mm.  by 
85  mm.  vertical  beam  of  radiation  Shows  machine  in  motion  number  one  for  scanning  lower 
p<i.sterior  segment  of  arch.  Tube  an(i  head  move  from  molars  to  premolars  in  a  linear 
direction. 

curved  surface  of  the  arch  is  expo.sed  by  rotating  the  jiatient.  Note  that  the 
narrow  beam  of  radiation  is  maintained  perjiendicular  to  a  tangent  at  the 
point  of  exposure.  The  tube  resumes  its  original  vertical  inclination  upon 
the  completion  of  the  exposure  of  the  anterior  teeth.  When  the  curved  portion 
of  the  arch  has  been  exposed  the  chair  stops  its  rotation  and  the  tube  resumes 
its  travel  in  the  same  horizontal  direction  to  complete  the  exposure.  Fig.  8 
shows  the  patient  rotated  and  the  tube  beginning  its  linear  travel  after  re¬ 
assuming  the  correct  vertical  angulation  for  the  posterior  teeth. 

During  all  exposues,  the  same  principles  of  geometric  projection  apply  to 
these  procedures  as  apply  to  the  conventional  methods  of  dental  radiography. 
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Laotf  Backing  Film 
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Lm4  Backing 


Fig.  6. — Schematic  view  of  first  motion  of  x-ray  tube  from  molar  to  premolar  area.  The 
tube  stops  its  horizontal  motion  and  assumes  the  correct  vertical  angulation  for  the  anterior 
segment  of  the  arch. 

Fig.  7. — Schematic  view  of  motion  number  two.  Tube  assumes  proper  vertical  angula¬ 
tion  for  anterior  segment  and  then  the  rotary  motion  of  the  patient  exposes  the  anterior 
teeth.  Kxtent  of  rotation  is  dependent  upon  size  and  form  of  the  arch. 

Fig.  8. — Schematic  view  of  motion  number  three.  The  tube  resumes  the  proper  angulation 
for  posterior  region  and  moves  from  premolar  to  molar  region. 
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PROBABLE  APPLICATIONS  AND  LIMITATIONS  01'  THIS  METHOD 

The  most  practical  advantafje  of  this  method  would  be  in  its  application  to 
firoup  surveys  such  as  are  recpiired  in  military  dentistry.  A  second  applica¬ 
tion  would  he  in  caries  control  studies.  The  apparatus  has  been  desijfned  to 
permit  ea.sy  dismantling. 

It  is  believed  that  jianographic  radiography  will  ultimately  have  a  useful¬ 
ness  much  as  the  photofluoroscopic  procedures  used  in  the  chest  survey  programs. 
In  the  evaluation  of  the  panographic  techniipie  it  is  well  to  remember  that  it  mu.st 
be  judged  as  an  adjunct  to  conventional  radiography  and  not  as  a  substitute 
for  it.  This  innovation  and  method  are  by  no  means  in  their  final  form.  At 
present  it  is  (jiiestionable  whether  this  system  can  be  applied  to  all  mouths. 
As  there  are  in  conventional  radiographic  techniipies,  so  also,  there  are  intrinsic 
geometric  limitations  to  this  procedure  when  it  is  applied  to  the  extremely  square 
type  arch  and  the  very  narrow  V-shaped  mouth. 

A  simple  device  for  the  alignment  and  stabilization  of  the  patient  must 
be  developed  along  with  the  most  usable  assortment  of  film  .strip  and  film  tray 
holders.  Not  the  least  problem  of  the  future  will  be  a  determination  of  the 
total  exposure  of  the  patient  to  radiation  under  the  conditions  of  this  technique. 

SUMMARY 

An  apparatus  has  been  developed  which  will  automatically  expose  a 
special  single  strip  film  to  produce  a  usable  image  of  the  entire  dental  arch. 
It  is  not  proposed  that  such  an  apparatus  and  technique  will  replace  conven¬ 
tional  intraoral  radiography  but  it  will  complement  it. 
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HOMOLOGOUS  AND  HETEROLOGOUS  INTRAOCULAR  GROWTH 
OF  TRANSPLANTED  TOOTH  GERMS 
HAROLD  S.  FLEMING,  D.M.D. 

From  the  Department  of  Pathology,  Yale  Fniversity  School  of  Medicine,  New  Haven,  Conn. 

The  several  methods  recently  used  by  investigators  to  study  the  fjrowth 
and  development  of  the  teeth  are  making  serial  sections  of  embryonic 
jaws,^’ periodically,  in  certain  tooth  germ  areas;  cultivating’*-  tooth 
germs  in  vitro ;  observing  the  effect  on  continuously  growing  teeth^*  fol¬ 
lowing  the  withdrawal  of  essential  elements  from  the  diets  of  laboratory 
animals;  and  subjecting  tooth  germs  to  environmental  changes  by  transplant¬ 
ing  them  to  new  sites  in  the  same  and  different  animals.’*’  ’*  The  present 
report  is  concerned  with  the  in  vivo  growth  of  tooth  germs  under  the  latter 
method. 

Greene’^’  ’®  reported  that  certain  embryonic  and  most  malignant  tissues 
have  the  ability  to  grow  on  transfer  to  the  anterior  chamber  of  the  eye.  He 
found  that  adult  tissues  and  benign  tumors  with  the  exception  of  schwan¬ 
nomas,  meningiomas,  and  salivary  gland  tumors,  lack  the  capacity  for  growth 
and  differentiation  on  transplantation  to  this  site.  Browning*  also  demon¬ 
strated  that  certain  embryonic  tissues  in  mice  will  survive  intraocular  transfer 
to  the  same  and  different  strains  of  mice.  Since  investigators  have  shown  that 
tooth  germs  retain  their  ability  for  growth  and  differentiation  when  cultivated 
in  vitro  or  grown  in  vivo,  it  w-as  felt  that  tooth  germs  as  embryonic  tissues 
would  also  grow-  and  differentiate  when  transplanted  to  the  anterior  chamber 
of  the  eye.  Grobstein”  reported  on  the  formation  of  teratoma-like  masses  on 
homotransplanting  4  to  5  day  embryonic  shields  of  mice  from  in  vitro  culti¬ 
vation  to  the  anterior  chamber  of  the  eye  where,  among  other  tissue  forma¬ 
tions,  tooth  structures  were  obtained.  The  pre.sent  writer  has  found  no  reports 
on  the  intraocular  growth  of  tooth  germs  where  specific  attempts  have  been 
made  to  transi)lant  them  to  this  location.  This  paper  presents  such  a  report. 

MATERIALS  AND  METHODS 

The  laboratory  animals  used  to  receive  transplants  were  mice,  guinea  pigs, 
and  rabbits.  The  mice  were  inbred  stock  of  the  dba,  C57  Black  and  C57  Brown 
strain  and  CaH-dba  hybrid,  first  generation.  The  guinea  pigs  were  open  mar¬ 
ket  stock  and  the  rabbits  were  New  Zealand  white  giants.  Animals  were 
selected  at  random,  but  young  adults  were  preferred.  The  sex  was  alw’ays 
recorded. 

Satisfactory  material  for  transplanting  was  obtained  between  bud  forma¬ 
tion  and  the  successive  morphologic  stages  that  precede  maturation  of  the 
enamel  and  dentin  matrices.  Calcified  material  was  not  desirable,  and  when 
l)resent  in  the  transfer  caused  a  severe  inflammatory  reaction  which  was  fol- 
low-ed  by  suppuration  and  destruction  of  the  eye. 

This  material  Is  from  a  thesis  submitted  in  partial  fulflllment  of  the  requirements  for  the 
degree  of  D.Sc.(med.)  at  the  Graduate  School  of  Medicine,  University  of  Pennsylvania- 
Received  for  publication.  Sept.  11,  1951.  Revised  by  author,  Dec.  3,  1951. 
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Whole  tooth  germs  of  mice,  guinea  pigs,  cats,  and  rabbits  were  trans- 
I)Ianted  homoplastically  and  heteroplastically  to  the  anterior  eye  chambers  of 
mice,  rabbits,  and  guinea  pigs.  Human  material,  when  available,  was  also 
transplanted  to  the  eyes  of  guinea  ])igs  and  rabbits  and  to  the  axillae  and 
abdomen  of  mice.  In  a  few  instances,  enamel  epithelium  alone,  or  the  den¬ 
tinal  papilla  alone,  was  transplanted. 

The  dental  aidagen  of  14  or  15  day  mice  embryos  were  found  to  be  satis¬ 
factory  for  the.se  experiments.  In  rabbit  embryos  tooth  germ  tissues  obtained 
between  the  seventeenth  and  twenty-sixth  day  were  found  to  be  satisfactory 
for  transplanting.  Proliferative  stages  take  longer  in  guinea  pigs  and  show 
considerable  variance  not  only  between  embryos  of  the  .same  age,  but  also 
between  littermates,  and  in  the  same  embryo  there  may  be  different  levels  of 
tooth  development  from  one  side  of  the  .jaw  to  the  other.  These  findings  con¬ 
cur  with  those  of  Harman  and  Smith.’*  Dental  anlagen  or  tooth  germs  of 
guinea  pigs  were  used  when  the  embryos  were  between  15  and  30  days  of  age. 
Tooth  germs  of  the  teeth  of  30  day  cat  embryos  were  found  to  be  at  the  bell 
stage  of  development,  and  this  material  proved  to  be  satisfactory  for  trans¬ 
plantation.  Human  fetuses  or  embryos  were  dated  from  the  time  of  the  la.st 
menstruation  of  the  mother.  Four  to  5  month  fetuses  were  most  satisfactory. 
In  older  fetuses  suitable  tooth  germ  material  for  transplanting  was  generally 
taken  from  the  deciduous  canine  or  first  molar  tooth  germs. 

Tooth  germs  were  aseptically  removed  from  the  jaws  of  embryos  or 
fetuses.  This  material  was  then  transferred  to  a  sterile  covered  Petri  dish, 
where  it  was  kept  moist  with  serum  from  the  embryo  or  sterile  normal  saline, 
until  ready  for  use.  When  there  was  a  question  of  contamination,  aqueous 
penicillin,  in  a  concentration  of  25,000  units  per  c.c.,  was  dropped  over  the 
material.  This  solution  appeared  to  interfere  with  subsequent  growth  and 
differentiation  of  the  tran.splant,  so  its  use  was  avoided  whenever  pos.sible. 
Usually,  when  the  -size  permitted,  the  entire  dental  follicle  was  transplanted 
to  the  animals  selected  as  hosts.  At  other  times,  selected  portions  of  tooth 
germs  were  explanted.  From  each  group  of  .series  of  transfers,  representa¬ 
tive  tooth  germ  material  of  the  particular  type  used  was  saved  as  a  histo¬ 
logical  control.  Half  of  a  jaw  with  the  tooth  germs  in  situ  was  routinely 
sectioned  and  stained,  while  the  tooth  germs  were  dissected  from  the  other 
half  and  transplanted. 

The  technique  em])loyed  for  transplanting  was  that  perfected  by  Greene.’* 
Tissue  was  carried  to  the  eye  in  specially  designed  Xo.  16  and  Xo.  20  trocars. 
Best  results  were  obtained  by  making  the  incision,  at  the  limbus  of  the  cornea, 
just  large  enough  to  receive  the  trocar.  Large  incisions  or  oversized  pieces 
of  tissue  invited  failure  because  these  factors  enabled  the  transplant  to  escape 
from  the  anterior  chamber.  After  insertion,  the  material  was  manipulated 
within  the  anterior  chamber  to  the  growth  site  at  the  junction  of  the  iris  and 
cornea. 

General  anesthesia  was  used  for  mice  and  the  dose  was  administered  sub¬ 
cutaneously — a  .01  c.c.  of  Nembutal,  diluted  1:10,  being  given  for  every  gram 
of  body  weight.  Rabbits  and  guinea  pigs  were  usually  restrained  and  local 
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anosthosia  of  the  eye  was  obtained  by  applying  a  few  drops  of  a  5  per  cent 
eocaine  solution  (previously  autoclaved)  several  minutes  before  the  incision 
was  made. 


Fig.  1. — Eye  of  a  rabbit,  after  bearing  a  transplant  of  a  rabbit  tooth  germ  for  18  days. 
Fig.  17  shows  a  section  of  this  transfer  after  the  animal  was  sacrificed. 

Fig.  2. — Eye  of  a  guinea  pig  after  bearing  a  transplant  of  a  guinea  pig  tooth  germ  for  14 
days.  Animal  was  then  sacrificed  and  Fig.  11  shows  section  of  transfer. 

Fig.  .8. — Eye  of  a  guinea  pig  after  bearing  a  transplant  of  human  tooth  germ  for  20  days. 
Animal  was  sacrificed  later  and  Fig.  27  shows  section  of  recovered  transplant. 

Fig.  4. — Eye  of  a  rabbit  bearing  transplant  of  human  tooth  germ  material  for  20  days. 
Animal  was  then  sacrificed  and  Fig.  26  shows  a  section  of  recovered  transplant. 


No  special  care  was  given  to  the  animals  after  they  received  the  trans¬ 
plant.  They  were  examined  daily  so  that  the  biologic  behavior  of  the  explant 
could  be  followed.  Following  the  transplantation,  the  cornea  became  clouded, 
obscuring  the  graft.  As  the  cornea  cleared  up,  outlines  of  the  transplants 
became  definite  and  after  14  days  the  formations  of  crowns  of  teeth  were 
usually  visualized  intraocularly  in  guinea  pigs  and  rabbits. 

Figs.  1  to  4  show  pictures  of  the  eyes  of  guinea  pigs  and  rabbits  that  have 
received  transplants  of  tooth  germs.  Figs.  1  and  2  are  of  homotransplants  and 
Figs.  3  and  4  are  of  heterotransplants. 


Tabf.e  II 

IIetek(»transplants — 8ummaky  of  Biolooicai,  Behavior 
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Several  days  were  needed  for  a  transplant  to  establish  itself  in  the  an¬ 
terior  chamber  of  the  eye.  For  this  reason  no  animals  were  sacrificed  until 
at  least  6  days  after  the  operation.  The  recovered  graft  was  fixed  in  Carnoy’s 
solution.  If  calcified  material  was  present  in  the  recovered  transplant  it  was 
decalcified  before  sectioning  and  staining.  Sections  were  usually  cut  at  5  /n, 
but  if  a  considerable  amount  of  tooth  structure  was  present,  thickness  of  the 
cuts  was  sometimes  increased  to  10  ft.  Ilemotoxylin  and  eosin  were  used  to 
stain  the  .sections.  A  rej)re.sentative  result  from  each  series  of  transfers  is 
reported  on  and  discussed  in  the  text  of  this  paper. 

Excluding  homotransplants  to  the  eyes  of  mice,  successful  “takes”  were 
observed  in  ai)i)roximately  50  per  cent  of  146  cases.  This  included  28  guinea 
pigs  that  failed  to  survive  or  died  soon  after  the  operative  procedure.  Exclud¬ 
ing  discarded  animals.  ])ositive  results  were  found  in  57  per  cent  of  the  ca.ses. 
lije  transplants  of  mice  were  not  included  becau.se  the  results  were  unfavor¬ 
able  (Tables!  and  II). 

The  words  homologous  and  heterologous  are  employed  with  the  same  con¬ 
notation  that  Greene’^  uses  them ;  thus,  the  word  homologous  designates  trans¬ 
plants  between  unrelated  animals  of  the  same  strain  or  .species  and  the  word 
heterologous  designates  tr{Uis])lants  between  animals  of  different  .species. 

EXPF.RIMEXTS  IN  HOMOLOGOUS  TRANSPLANTS 

Mouse  Ifomotransplants. — Seven  series  of  eye  transfers  were  made  to  inbred 
strains  of  C57  Browns  and  Blacks,  to  dba’s  and  to  first  generation  hybrids  from 
G3II  and  dba  strains.  Approximately  70  animals  were  used,  with  8  to  12  of  a 
particular  strain  forming  each  series.  Tooth  germs  were  obtained  from  14  day 
hybrid  and  dba  embryos.  From  7  to  28  days  was  the  period  allowed  for  growth. 

Following  the  initial  period  of  activity,  which  lasted  from  4  to  7  days,  these 
transplants  usually  began  rapid  resorption,  so  that  by  the  fourteenth  day  little 
remained  of  the  original  transfer.  In  several  ca.ses,  transfers  persisted  for 
longer  periods  and  material  recovered  after  21  to  23  days  showed,  on  sectioning, 
clusters  of  epithelial  cells  with  intraepidermoid  keratinization.  The  connective 
tissue  present  was  of  a  collagenous  nature.  Infrequently  bone  and  islands  of 
osteodentin  were  found.  Ameloblasts  and  odontoblasts  always  lost  their  char¬ 
acteristic  columnar  pattern  and  disappeared. 

Additional  series  of  tooth  germs  were  homotransplanted  to  the  axillae, 
abdomen  and  brains  of  mice  in  order  to  compare  the  biological  behavior  of 
explants  to  these  sites  with  eye  transfers.  Embryonic  lung  tissue  and  limb 
buds  were  also  homotransplanted  to  the  eyes  of  mice  to  cross-check  the  tech¬ 
nique.  There  was  growth  and  differentiation  of  these  tooth  germs  when  trans¬ 
planted  to  other  locations.  Eye  transplants  of  other  prenatal  tissues  grew  and 
differentiated. 

Fig.  5  shows  a  transplant  in  the  eye  of  a  C57  Black  male  after  21  days. 
A  14  day  CsII-dba  hybrid  embryo  was  the  source  of  the  tissue.  A  layer  of 
large  squamous  cells  may  be  seen  along  the  border  of  wavy  bundles  of  pale 
staining  collagenous  material  that  has  incorporated  in  it  .scattered  dark  .stain- 
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ing  cells.  On  the  inside  of  this  layer  there  are  cords  of  cells,  some  of  which 
are  heavily  pigmented.  These  structures  represent  the  corneal  epithelium, 
layers  of  the  cornea,  and  regenerating  pigmented  layers  of  the  iris.  Within 
this  area,  which  represents  the  anterior  eye  chamber,  there  are  eosinophilic- 
stained  regions  that  have  included  cells  and  are  bordered  on  one  side  by  cells 
with  large  oval  nuclei.  Along  other  sides  occasional  giant  cells  are  seen. 

Fig.  6  shows  the  recovered  transplant  of  a  14  day  tooth  germ  from  a 
Fsll-dba  hybrid  embryo  grown  in  the  brain  of  a  ('57  P.rown  female  for  40  days. 
Two  develo])ing  teeth  are  seen  which  have  partly  calcified  enamel  and  dentin. 
Odontoblasts  are  identified  around  the  peripheral  border  of  the  pulpal  area  of 
each  tooth.  Histtilogically  there  is  an  abundant  blood  supply  and  large  va.s- 
cular  spaces  are  seen  within  the  pulpal  areas.  The  enamel  epithelium  has  ap- 
l)arentty  finished  its  activity.  A  large  epithelial  pearl  lies  near  these  struc¬ 
tures.  There  is  a  large  amount  of  bone,  but  no  cartilage  is  seen.  A  number  of 
small  round  cells  (lymphocytes)  are  seen  near  by,  indicating  a  cellular  attack 
by  the  host. 

Fig.  7  illustrates  a  recovered  axillary  transplant.  The  dental  anlage  was 
obtained  from  a  14  day  C'sH-dba  hybrid  embryo  and  the  host  was  a  C57  Brown 
female.  The  growth  period  was  20  days.  In  this  illustration  the  hard  struc¬ 
ture  of  the  tooth  is  represented  by  a  continuous  layer  of  dark  pink-staining 
homogeneous  material  that  is  surrounded  by  connective  tissue  cells.  On  the 
inside  border  of  the  thickest  side  of  this  tooth  structure  there  is  a  row  of  pale 
staining  cells  with  large  oval  nuclei.  Long  processes  from  these  cells  enter  the 
thickened  material  and  continue  in  its  entire  thickness.  These  cells  are  odonto¬ 
blasts  and  they  are  associated  with  the  crown  portion  of  this  tooth.  A  very 
pale  thin  layer  of  partly  calcified  enamel  rods  is  on  the  surface  of  this  crown 
area.  The  connective  tissue  of  the  pulpal  area  is  loo.sely  arranged  and  some 
blood  vessels  are  seen  in  it. 

Fig.  8  shows  a  transverse  longitudinal  section  of  the  anlage  of  a  mouse 
molar  in  situ  which  was  taken  from  a  14  day  (^^Il-dba  hybrid  embryo. 

Guinea  Pig  llomotransplants. — Six  series  of  guinea  pig  homotransplants 
were  made.  The  material  transidanted  came  from  embryos  of  between  15  and 
30  days.  From  6  to  30  days  was  the  usual  growth  i)eriod,  but  in  some  cases, 
explants  remained  in  the  eye  chamber  for  as  long  as  300  days.  In  each  series 
there  were  from  8  to  12  animals,  generally  evenly  divided  as  to  sex.  For  this 
ex})eriment  a  total  of  61  guinea  pigs  were  used,  of  which  21  were  discarded 
because  of  death  or  infection  before  the  fate  of  the  transfer  was  determined, 
of  the  40  guinea  i>igs  saved,  26  showed  growth  and  differentiation  of  trans- 
])lanted  tooth  germs;  and  in  14.  sear  tissue  was  present  when  there  was  not 
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Fig.  5. — Section  through  the  eye  of  a  C57  Black  mouse  after  21  days’  growth  of  a  tooth 
germ  taken  from  a  14  day  CaH-dba  hybrid  embryo.  Original  magnification  X140. 

Fig.  6. — Recovered  brain  transplant  of  a  tooth  germ  from  a  14  day  C«H-dba  hybrfd 
embryo,  grown  in  a  C57  Brown  female  for  40  days.  Original  magnification  XI 25. 

Fig.  7. — Section  of  a  recovered  axillary  transplant.  The  tooth  germ  was  obtained  from  a 
CaH-dba  hybrid  embryo  of  14  days  and  was  transferred  to  the  axilla  of  a  C57  Brown  mouse 
where  it  was  allowed  to  remain  for  20  days  before  the  animal  was  sacrificed.  Original  mag¬ 
nification  X260. 

Fig.  8. — Longitutlinal  .section  through  a  molar  tooth  bud  of  a  14  day  CiH-tlba  hybrid 
mouse  enibryo  which  is  at  cap  stage  of  development.  Original  magnification  XI 30. 
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Fig.  9. — Section  of  transplant  recovered  from  eye  of  guinea  pig  after  21  days’  growth. 
Tooth  germ  was  from  a  30  day  guinea  pig  embryo.  Original  magnification  X120. 

Fig.  10. — Higher  magnification  of  the  upper  left  corner  of  Fig.  9  at  A.  Original  magni¬ 
fication  X500. 

Fig.  11. — Section  of  transplant  removed  from  eye  of  guinea  pig  after  14  days’  growth. 
Source  of  the  tooth  germ  was  a  23  day  guinea  pig  embryo.  This  picture  was  taken  at  the 
Junction  of  the  inner  and  outer  enamel  epithelium,  from  which  the  epithelial  root  sheath  of 
Hertwig  forms.  Original  magnification  X135. 

Fig.  12. — Section  of  a  guinea  pig’s  eye  with  a  transplanted  tooth  after  28  days’  growth. 
The  anlage  came  from  a  23  day  guinea  pig  embryo.  Original  magnification  X55. 
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Fig.  13. — Section  throug'h  the  eye  of  a  guinea  pig  after  bearing  a  transplanted  tooth  gemi 
from  a  23  day  guinea  pig  embryo  for  174  ilays.  Original  magniflcation  X65. 

Fig.  14. — Horizontal  section  through  a  molar  tooth  of  a  23  day  guinea  pig  embryo.  This 
is  at  bell  stage  of  developmenC  Original  magniflcation  X55. 

Fig.  15. — Section  of  recovered  homotransplant  of  rabbit  tooth  germs  after  12  days' 
growth  in  the  eye  of  a  New  Zealand  white  giant.  The  materiaf  was  from  a  21  day  rabbit 
embryo.  Original  magniflcation  X47. 

Fig.  16. — Higher  power  of  Fig.  14  of  upper  tooth  in  area  of  columnar  arrangement  of 
ameloblasts  and  odontoblasts.  Original  magniflcation  X500. 
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absorj)tion  of  the  transplant.  Over  loiif?  peroids  the  hard  .structures  of  the 
teeth  would  always  tend  to  lose  their  characteristic  appearance  and  were 
replaced  by  metaplastic  bone. 

Hg.  9  represents  the  recovered  transplant  from  a  30  day  embryo,  grown 
in  the  eye  of  a  male  guinea  pig  for  21  days.  This  section  is  shown  because  it 
illustrates  the  continued  activity  of  ameloblasts  and  odontoblasts  when  sepa¬ 
rated  from  each  other.  In  parts  of  this  picture,  there  are  islands  of  homoge¬ 
neous  eosinophilic  staining  material  associated  with  disoriented  odontoblasts. 
Giant  cells  are  found  near  this  osteodentin. 

Fig.  10  is  a  higher  magnification  of  .1  in  Fig.  9.  Tall  columnar  cells  with 
pale  staining  nuclei  are  seen.  Their  arrangement  and  the  processes  extending 
from  them  into  the  lumen  which  they  border  identify  these  cells  as  ameloblasts 
Avhich  are  forming  the  ])re-enamel  matrix. 

Fig.  II  represents  the  recovered  graft  of  a  tooth  germ  from  a  23  day 
guinea  jug  embryo  grown  in  the  eye  of  a  male  guinea  pig  for  14  days.  In 
.several  places  intra-epidermoid  keratinization  is  seen  in  direct  relationship  to 
isolated  dentin  formation.  It  is  possible  that  these  epithelial  cells  are  the 
degenerated  remnants  of  the  inner  or  outer  enamel  epithelium.  An  area  of 
eosinophilic  staining  material  has  a  number  of  cells  included  in  it  and  is 
directly  continuous  with  the  dentin  formation  of  the  tooth.  These  included 
cells  are  osteocytes  and  this  material  is  undergoing  osteoclastic  changes.  There 
is  additional  dentin  in  island  formation  with  odontoblasts  arranged  along  one 
border.  Multinucleated  giant  cells  are  seen  near  these  islands  of  dentin.  Re- 
sorptive  processes?  in  teeth  and  bone  are  characterized  by  the  presence  of  these 
cells  whose  origin  is  either  from  capillaries  in  connective  tissue  or  from  the 
connective  tissue  itself.®  Plump  fusiform  cells  forming  capillary-like  struc¬ 
tures  are  also  observed. 

Fig.  12  shows  a  tooth  germ  obtained  from  a  23  day  embryo  and  grown  in 
a  male  guinea  •  ig’s  eye  for  28  days.  This  illustration  presents  a  section 
through  a  molar  tooth.  Dentin  remains  and  the  enamel  has  been  lost  by  de- 
calcification.  Tomes’  fibers  are  seen  in  the  dentin  tubules  and  bone  formation 
borders  one  side  of  this  tooth  structure.  Hyperchromatic  cells  of  the  pig¬ 
mented  layer  of  the  iris  and  Deseemet’s  membrane  are  seen.  Thin-walled  ves¬ 
sels  filled  with  red  blood  cells  are  present  in  the  loose  connective  tissue  of  the 
pulpal  area.  Giant  cells  near  the  base  of  the  dentin  indicate  the  beginning  of 
osteoclastic  resorption. 

Fig.  13  represents  the  recovered  transplant  of  a  23  day  tooth  germ  that 
remained  in  a  male  guinea  pig’s  eye  for  174  days.  The  anterior  chamber  was 
almost  entirely  filled  with  areas  of  eosinophilic  staining  material  having  nu¬ 
merous  included  cells.  This  osteoid  formation  is  intimately  a.ssociated  with 
material  that  stains  deeper  on  the  periphery  and  lighter  toward  the  center. 
Included  cells  are  occasionally  found  along  the  light-stained  inner  border. 
Regularly  arranged  odontoblast-like  cells  with  large  pale  nuclei  are  seen  in 
places  along  this  inner  border.  P’anlike  collagenous  fibers  (Korff’s)  are  seen  in 
the  deeper  staining  peripheral  part  and  identify  this  material  as  partly  calci- 
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fied  dentin.  In  places  along  the  outside  of  this  dentin,  near  the  inner  border 
of  the  corneal  wall,  are  small  sections  of  thin,  pale,  and  crystalline  appearing 
material  which  is  the  remains  of  a  layer  of  enamel.  Throughout  this  entire 
area  are  areolar-like  spaces  closely  associated  with  numerous  vascular  spaces 
and  thin-  and  thick-walled  vessels  filled  with  red  blood  cells.  A  small  area  of 
the  connective  tissue  in  the  center  is  of  stellate  character  but  along  the  lower 
right  periphery  of  the  figure  it  is  of  a  collagenous  nature. 

Fig.  14  shows  a  transverse  section  through  the  cusp  of  a  molar  tooth  germ 
fi-om  a  23  day  guinea  pig  embryo. 

Rabbit  Homotransplants. — Young  adult  New  Zealand  white  giants  were 
used  to  receive  dental  anlagen  from  rabbit  embryos  of  a  known  age.  Two 
series  of  transfers  were  made  with  18  day  embryos  and  2  additional  series  were 
made  with  21  day  embryos.  From  3  to  5  animals  were  in  each  series.  Seven¬ 
teen  rabbits  were  used  for  this  experiment  (15  males  and  2  females).  Trans¬ 
fers  were  always  made  to  both  eyes  and,  with  one  exception,  were  allowed  to 
I’emain  in  the  anterior  chambers  from  7  to  31  days.  None  of  the  animals  died 
and  the  only  case  that  failed  to  show  positive  results  was  one  in  which  the 
transplant  remained  in  place  for  58  days.  In  this  case  only  scar  tissue  re¬ 
mained. 

Fig.  15  shows  a  12  day  intraocular  growth  of  a  transplanted  tooth  germ 
taken  from  a  21  day  embryo.  The  host  was  a  male  rabbit.  The  area  above 
that  shown  in  the  figure  has  several  epidei  moid  inclusion  cysts.  Some  of  the 
ei)ithelium  has  keratinized  and  there  are  also  several  epithelial  pearls.  Near 
these  cystic  areas  are  numbei’s  of  lymphocytes.  Numerous  thin-walled  blood 
ve.ssels,  filled  with  red  blood  cells,  are  observed  throughout  the  entire  section. 
(Connected  to  this  main  body  of  tissue  is  the  peninsula  shown  in  the  figure  con¬ 
taining  2  teeth  which  are  in  the  appositional  stage  of  development.  Hexagonal 
shaped  Tomes’  processes  are  observed  at  one  cusp  tip,  where  enamel  rods  are 
being  formed. 

Fig.  16  is  a  higher  power  of  the  area  in  Fig.  15  at  D  and  0.  Considerable 
newly  formed  tooth  structure  is  present  with  ameloblasts  and  odontoblasts  in 
normal  relationship. 

Fig.  17  is  from  the  21  day  intraocular  growth  of  a  tooth  germ  transplanted 
from  a  21  day  rabbit  embryo  to  a  male  rabbit.  A  large  amount  of  dentin  forma¬ 
tion  was  seen  as  well  as  Descemet’s  membrane  and  regenerating  corneal  tis¬ 
sue.  A  few  osteoclasts  are  found  near  one  side  of  the  dentin  formation  indicat¬ 
ing  osteoclastic  changes  or  reconstruction.  A  number  of  lymphocytes  are  ob¬ 
served  in  the  connective  tissue  adjacent  to  the  dentin.  Similar  structural 
changes  of  dentin  were  observed  in  other  instances  in  these  experiments.  Other 
examples  of  this  are  illustrated  in  Figs.  11, 13  and  18. 

Fig.  18  represents  the  30  day  intraocular  growth  of  a  tooth  germ  trans¬ 
planted  from  a  21  day  embryo  to  a  female  rabbit.  A  great  amount  of  bone 
formation  is  present.  Large  clusters  of  epithelial  cells  are  also  seen,  some  of 
which  show  a  central  degeneration  or  necrosis.  A  cystic  area  filled  with 
desquamated  einthelial  cells  is  located  adjacent  to  a  large  island  of  dentin  and 
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osteodentin.,  A  number  of  giant  cells  arranged  along  the  right  border  of  this 
osteodentin  indicate  resorptive  changes.  In  these  experiments,  similar  cystic 
areas  were  found  in  other  instances. 

Fig.  19  shows  a  transverse  section  of  a  mandibular  tooth  germ  in  situ, 
from  a  21  day  rabbit  embryo.  The  development  is  at  the  cap  stage.  Tooth 
germs  from  the  other  half  of  this  jaw  and  from  the  jaws  of  littermates  of  this 
embryo  were  transplanted. 

EXPERIMENTS  IN  HETEROLOOOUS  TRANSPLANTS 

Rabbit  to  Guinea  Pig  Transplatits. — In  this  exjieriment  3  series  of  transfers 
were  made  to  the  eyes  of  guinea  pigs  with  6  to  8  animals  in  each  series.  Rabbit 
embryos  of  18,  21,  and  25  days  of  age  supplied  tlie  dental  anlagen.  One  eye  in 
each  animal  received  the  transplant  which  was  usually  grown  there  from  18 
to  26  days  before  recovery  and  sectioning.  Eleven  males  and  8  females  were 
used  for  this  experiment.  Three  animals  died,  and  of  the  remainder,  13  had 
evidences  of  the  growth  and  development  of  transplanted  tooth  germs.  Re¬ 
gression  and  resorption  of  transplants  were  directly  iiroportional  to  the  length 
of  time  they  remained  in  the  anterior  eye  chamber.  After  the  third  week  trans¬ 
plants  became  progressively  less  vascular  in  appearance  and  smaller  in  size. 

Fig.  20  shows  the  recovered  transplant  of  the  anlage  of  a  tooth  germ  ob¬ 
tained  from  a  21  day  rabbit  embryo  and  grown  in  the  eye  of  a  male  guinea  pig 
for  8  days.  A  large  horseshoe-shaped  area  of  eosin-stained  material,  identified 
as  dentin  bordered  by  a  thin  layer  of  enamel,  was  seen.  This  is  surrounded  by 
squamous  epithelium  and  dense  connective  tissue.  On  the  right  border  are 
seen  heavily  pigmented  cells  of  the  iris.  Farther  to  the  right  there  is  a  dense 
infiltration  of  lymphocytes.  Inside  the  tooth  formation  there  are  a  number 
of  thin-  and  thick-walled  vessels  filled  with  red  blood  cells.  Connective  tissue 
in  this  area  is  of  a  loose  stellate  type  and  along  its  ])eriphery  odontoblasts  are 
observed  with  long  fibers  extending  from  them  into  the  dentin.  In  places  there 
are  several  included  cells.  The  inesence  of  giant  cells  near  by  indicates  osteo¬ 
clastic  activity. 

Cat  to  Guinea  Fief  and  Cat  to  Rabbit  Transplants. — There  were  two  series 
of  eye  transiilants  in  this  experiment:  one  was  made  from  cats  to  rabbits,  the 
other  from  cats  to  guinea  ])igs.  In  one  series,  3  male  rabbits  received  trans¬ 
plants  of  cat  dental  anlagen  to  both  eyes.  In  the  other  series,  3  female  and  3 
male  guinea  pigs  received  transplants  of  this  same  tooth  germ  material  to  their 
right  eyes.  In  both  groups,  2  rabbits  and  4  guinea  iiigs  had  positive  evidences 
of  the  growth  and  differentiation  of  the  transplanted  tooth  germs. 

Fig.  21  represents  a  eat  to  rabbit  transplant.  In  this  case,  the  tooth  germ 
element  was  allowed  to  grow  for  21  days  before  the  animal  was  sacrificed.  A 
curved  band  of  tooth  structure,  cut  in  the  same  ])lane  as  the  dentinal  tubules, 
dominates  this  picture.  Along  the  peripheral  border  there  are  small  fragments 
of  crystalline  appearing  material  identified  as  enamel.  Bordering  the  inside  of 
this  structure  are  odontoblasts  and  from  some  of  these  cells.  Tomes’  fibers  are 
seen  entering  the  dentinal  tubules.  Near  by,  but  not  seen  in  this  picture,  are 
small  amounts  of  bone  and  cartilage. 
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Fig.  22  shows  tooth  germs  in  the  mandible  of  a  30  day  cat  embryo. 

Human  to  Guinea  Pig  and  Human  to  Rabbit  Transplants. — The  jaws  of  hu¬ 
man  embryos  or  fetuses  were  dis.sected  and  tooth  germs  were  removed  from  one- 
half  of  the  maxilla  and  mandible.  These  were  transplanted  to  the  experimental 
animals.  The  remaining  half  of  the  jaws,  after  sectioning  and  staining,  served 
as  a  histological  control.  Each  fetus  or  embryo  used,  constituted  a  series.  Tooth 
germs  from  a  4  month  human  embryo  were  transplanted  to  6  male  and  4  female 
guinea  pigs.  From  this  same  embryo  tooth  germs  were  transplanted  to  the  axillae 
of  dba  mice.  Transplants  from  two  5  month  fetuses  were  made  to  the  eyes  of 
guinea  pigs  and  rabbits.  Twelve  male  and  8  female  guinea  pigs  received  these 
transplants.  In  addition,  4  male  rabbits  also  received  transplants  from  these  5 
month  fetu.ses.  In  another  series  enamel  epithelium  from  the  canines  of  a  new¬ 
born  child  was  transplanted.  Four  male  and  2  female  guinea  pigs  received 
these  transfers.  The  large  size  the  deciduous  molar  tooth  germs  in  the  older 
fetuses  made  it  necessary  to  divide  them  before  they  could  be  transferred, 
but  this  did  not  have  any  effect  on  subsequent  growth.  Human  material  usu¬ 
ally  reacted  favorably  to  intraocular  transfer,  but  sometimes  these  transplants 
failed  to  grow  and  rapidly  became  absorbed.  The  usual  time  that  these  tran.s- 
fers  remained  in  the  anterior  eye  chamber  was  from  10  to  28  days.  However,  in 
some  instances  they  were  allowed  to  remain  for  as  long  as  160  days. 

Fig.  23  is  of  the  recovered  transplant  of  a  lower  right  deciduous  canine 
transplant  that  remained  in  the  anterior  eye  chamber  of  a  female  guinea  pig  for 
52  days.  A  4  month  human  fetus  supplied  the  material.  This  picture  illus¬ 
trates  a  deveoping  tooth.  The  dark  pink-staining  homogeneous  area  of  the  cusp 
is  composed  of  partly  calcified  dentin.  Flattened  epithelial  cells  lie  against  this 
formation  and  at  the  left  side  there  is  a  cluster  of  epithelial  cells  identified  as 
ameloblasts.  Odontoblasts  grouped  along  the  inside,  increase  in  number  toward 
the  extremities  of  this  dentin  formation  with  which  they  are  closely  associated. 
On  either  side,  where  dentin  formation  terminates,  are  clumps  of  darkly  stained 
epithelial  cells  precursors  of  the  sheath  of  Hertwig.  Except  for  a  clump  of 
ameloblasts  and  enamel  at  A  and  E  aplasia  of  enamel  formation  is  significant. 

Fig.  24  repre.sents  the  recovered  transplant  of  a  human  lower  second  incisor 
tooth  germ  taken  from  the  mandible  of  a  4  month  fetus  and  grown  in  the  anterior 
chamber  for  90  days.  Tooth  structure  and  the  various  layers  of  cells  asso¬ 
ciated  with  tooth  develoi)ment  dominate  this  picture.  The  cells  of  the  amelo¬ 
blastic  layer  are  short  and  cuboidal  and  in  places  there  are  strands  of  keratin¬ 
like  material.  Hits  of  enamel  fragments  are  seen  in  jdaces,  but  most  of  the 
enamel  has  y)een  lost  by  decalcification.  The  dentin  is  cut  in  a  way  to  show  its 
tubules  and  along  the  periphery  of  the  imlpal  area  odontobla.sts  are  seen.  In 
places  the  stellate  reticulum  of  the  enamel  pulp  is  very  narrow  or  practically 
nonexistent,  but  the  outer  enamel  epithelium  joins  the  ameloblastic  layer  in 
the  region  of  the  future  epithelial  root  sheath  of  Hertwig.  The  pulpal  and 
surrounding  areas  of  this  figure  are  extremely  vascular.  Dense  connective 
tissue  surrounds  the  entire  area.  After  90  days  there  has  not  yet  been  an  at¬ 
tempt,  by  the  host,  to  revi.se  this  tooth  structure. 
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Fig.  17. — Section  of  recovered  homotransplant  of  a  rabbit  tooth  germ  after  21  days  in 
the  eye  of  a  New  Zealand  white  giant.  The  material  was  from  a  21  day  rabbit  embryo. 
Fig.  1  is  of  the  transplant  in  the  eye.  Original  magnification  X35. 

Fig.  18. — Section  of  recovered  honiotransplant  of  rabbit  tooth  germ  after  30  days  in  the 
eye  of  a  New  Zealand  white  giant.  The  material  was  from  a  21  day  rabbit  embryo.  Original 


magnification  X50. 


Fig.  19. — Section  of  a  mandibular  tooth  germ  from  a  21  day  rabbit  embryo.  Original 
magnification  X52. 

Fig.  20. — Section  through  a  guinea  pig’s  eye  bearing  a  developing' tooth  obtained  from  a 
21  day  rabbit  embryo.  This  animal  was  killed  after  8  days.  Original  magnification  X145. 
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Fig.  21. — Section  through  the  eye  of  a  rabbit  bearing  a  transplant  of  a  tooth  germ  from 
a  cat  embryo.  (Irowth  was  maintained  for  21  days.  Originai  magniflcation  X280. 

Fig.  22. — Section  represents  mandibular  tooth  germs  from  a  30  day  cat  embryo.  Original 
magnification  X130. 

Fig.  23. — Section  of  a  guinea  pig’s  eye  after  bearing  a  transipant  of  a  human  tooth  germ 
for  52  days.  A  4  month  embryo  supplied  the  material.  Pregnancy  of  the  animal  was  discovered 
several  weeks  after  the  tissue  was  transplanted.  Original  magnification  X40. 

Fig.  24. — A  4  month  human  fetus  supplied  this  tooth  germ,  a  lower  second  incisor, 
and  it  remained  in  the  anterior  eye  chambt^r  of  a  male  guinea  pig  fur  90  days.  Original 
magnification  X165. 
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Fig.  25  shows  a  deciduous  mandibular  canine  tooth  germ  from  a  4  month 
human  fetus.  The  tooth  germ  from  the  opposite  side  of  the  mandible  was  trans¬ 
planted  and  is  represented  in  Fig.  23.  Ameloblasts  are  in  columnar  formation 
and  odontoblasts  are  recognizable  at  the  tip  of  future  cusp. 

Fig.  26  represents  the  recovered  transplant  of  a  low'er  left  deciduous  ca¬ 
nine  obtained  from  a  5  month  fetus  and  transferred  to  the  anterior  eye  cham¬ 
ber  of  a  male  rabbit.  It  was  grown  there  for  20  days.  In  the  center  of  this 
picture  there  is  a  large  area  of  dentin.  Some  heavily  pigmented  cells  of  the 
iris  are  near  by  and  to  one  side  there  is  a  portion  of  Descemet’s  membrane.  In 
several  places  there  is  a  focal  infiltration  of  round  cells.  Several  small  clumps 
of  degenerated  epithelial  cells  lie  near  the  dentin  formation.  Various  sized 
vessels  filled  with  red  blood  cells  are  located  close  to  the  dentin.  Along  one 
border  there  are  a  number  of  large  multinucleated  giaiit  cells.  At  the  opposite 
border  and  close  to  the  dentin  are  odontoblasts.  Dark-staining  Tomes’  fibers 
are  located  within  the  tubules  in  the  dentin. 

Fig.  27  show's  a  transplant  recovered  from  the  eye  of  a  male  guinea  pig 
after  24  days’  growth.  It  was  obtained  from  the  same  5  month  fetus  that  sup¬ 
plied  the  material  shown  in  Fig.  26.  Surrounded  by  the  stellate  reticulum 
there  is  an  organization  of  ameloblasts  w'hich  are  forming  the  pre-enamel 
matrix.  Odontoblasts  and  dentin  are  also  observed.  Concentrically  arranged 
connective  tissue  surrounds  this  area  which  has  l)een  infiltrated  by  small 
round  cells.  Many  vessels  filled  with  red  blood  cells  are  also  seen.  The  pig¬ 
mented  layer  of  the  iris  is  seen  in  parts  of  this  section. 

Fig.  28  is  a  higher  magnification  of  an  area  from  Fig.  27  inside  cusp  tip  at 
.1.  It  shows  enamel  prisms,  ameloblasts,  enamel  and  dentin. 

Fig.  29  illustrates  the  result  of  25  days’  growth  of  a  transplanted  layer  of 
ameloblasts  and  odontoblasts.  This  material  was  obtained  from  the  deciduous 
lower  canine  tooth  follicle  of  a  newborn  child  and  it  w’as  grafted  to  the  an¬ 
terior  eye  chamber  of  a  female  guinea  pig.  In  the  center  of  this  illustration 
there  is  a  heavy  band  of  partly  matured  dentin.  Odontoblasts  and  ameloblasts 
follow  the  course  of  this  structure.  In  places  among  the  dense  layer  of  epithe¬ 
lial  cells  that  surround  this  area  mitotic  figures  are  observed  indicating  that  after 
25  days  this  transplanted  tissue  is  still  active  and  regenerating.  Some  odonto¬ 
blasts  found  near  parts  of  this  formation  lack  a  definite  arrangement. 

Fig.  30  shows  several  strands  of  tissue  similar  to  that  transplanted  to  give 
the  result  shown  in  Fig.  29.  Ameloblasts  in  this  picture  are  represented  by 
continuous  bands  of  darker  staining  material  and  odontoblasts  are  arranged 
opi)Osite  them. 

DISCUSSION 

The  transplantation  of  whole  tooth  germs  or  their  elements  to  the  anterior 
chamber  of  the  eye  from  man  to  lower  animals  and  between  lower  animals  was 
successfully  carried  out  in  the  present  experiments  and  may  offer  a  new  ap¬ 
proach  to  the  study  of  their  growth  and  development.  Whole  tooth  germs, 
when  transplanted  to  the  anterior  eye  chamber,  retained  the  morphology  of 
developing  teeth  better  at  this  site  than  at  other  transplantation  sites. 
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Fig.  26. — Section  of  lower  deciduous  canine  from  the  4  month  embryo.  The  tooth  germ 
from  the  opposite  side  of  the  mandible  was  transplanted.  Fig.  23  shows  the  results  of  trans¬ 
planting  the  mate  to  this  tooth  germ.  Original  magniflcation  X40. 

Fig.  26. — Section  of  a  rabbit’s  eye  after  bearing  a  portion  of  a  human  tooth  germ  for  20 
days.  Material  was  taken  from  a  deciduous  canine  follicle  of  a  5  month  fetus.  Original 
magniflcation  X40. 

Fig.  27. — Section  of  a  guinea  pig’s  eye  retaining  a  transplant  of  a  human  tooth  germ  from 
a  5  month  fetus.  The  animal  was  sacriflced  after  24  days.  Original  magniflcation  X53. 

Fig.  28. — Higher  power  of  area  from  Fig.  27.  Original  magniflcation  at  A  X500. 
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Losee-'  reported  on  a  method  of  growing  rat  tooth  germs  in  vitro  and 
claimed  that  whole  tooth  geimis  were  kept  alive  for  78  days  with  growth  and 
differentiation  of  the  tissues  although  the  presentation  left  some  doubts.  His 
observations  were  contrary  to  the  findings  of  Glasstoned®  who  failed  to  obtain 
growth  and  differentiation,  in  vitro,  of  rat  tooth  germs  under  identical  condi¬ 
tions  that  produced  growth  and  differentiation  of  ral)l)it  tooth  germs.  Similar 
findings  concerning  the  behavior  of  tooth  germs  of  mice  were  observed  in  the 
present  instance,  as  homotransplants  of  these  tissues  failed  to  grow  in  the  an¬ 
terior  chamber  of  the  eye,  but  grew  l)etter  in  the  brain  than  {it  other  sites  to 
which  they  were  transplanted.  This  is  in  accord  with  the  findings  of  both 
Greene'^  and  Browning,^  who  reported  that  certain  embryonic  tissues  failed 
to  survive  intraocular  transfer. 

Use  of  the  anterior  eye  chamber  as  a  growth  site  for  transplanted  tooth 
germs  has  certain  advantages  over  in  vitro  cultivation.  The  biological  activity 
of  transplants  can  be  easily  followed,  subcultivation  is  unnecessary,  there  is  no 
desmoplastic  reaction  with  the  host  and  removal  is  easy.  In  vitro  explants  be¬ 
come  modified  by  the  mechanical  conditions  and  thus  tend  to  flatten  out  or 
grow  in  circular  sheets.'"*'-  Rabbit  tooth  germs  cultivated  in  vitro  for  20  days 
by  Glasstone'^  compared  favorably  with  4  days’  growth  in  situ.  This  rate  of 
growth  was  slow  and  explants  failed  to  survive  after  25  days  and  many  were 
lost  when  transferred  to  a  fresh  medium,  which  had  to  be  done  every  72  hours. 
It  is  possible  that  the  anlagen  of  20  day  rat  embryos  used  by  Glasstone'®  were 
too  far  advanced  for  satisfactory  results  as  Grobstein”  in  growing  embryonic 
shields  in  the  anterior  chamber,  after  sulicultivating  them  in  vitro,  obtained 
tooth  differentiation  in  mice.  The  age  of  tooth  germs  must  be  an  important 
factor  in  the  growth  of  these  transplanted  tissues,  for  as  Nicholson^^  pointed 
out,  embryonic  tissues  at  an  early  stage  of  development  survive  transplantation 
best.  Rapid  growth  and  differentiation  observed  in  the  present  study  showed 
enamel  and  dentin  formation  after  8  days,  in  a  guinea  pig’s  eye,  from  the  anlage 
of  a  21  day  rabbit  embryo,  for  once  eye  transplants  of  tooth  germs  became 
vascularized,  growth  and  develojmient  were  usually  continuous  and  rapid 
until  calcified  tooth  structures  were  formed. 

Growth  of  transjilanted  tooth  germs  was  always  limited  to  the  anterior 
chandler  where  there  was  not  a  single  case  of  rujiture  of  the  cornea  by  the 
transplant.  Mechanical  restrictions  and  intraocular  pressure  evidently  had  a 
limiting  effect  on  the  potential  size  of  the.se  transplants.  Microscopic  study 
showed  that  the  pulp  and  supiiorting  tissues  were  more  compact  and  propor¬ 
tionately  more  dentin  and  enamel  formed  in  the  anterior  chamber  than  at  other 
sites.  Cartilage,  bone  and  loose  connective  tissue  increased  the  bulk  of  trans¬ 
plants  in  the  abdomen  or  axilla,  but  the  actual  size  of  recovered  tooth  struc¬ 
tures  was  about  the  same  as  that  grown  in  the  eye. 

Variations  between  the  growth  of  heterologous  and  homologous  trans¬ 
plants  of  tooth  germs  were  not  significant  and  as  Greene'^  reported,  survival 
and  growth  of  heterologous  transplants  of  embryonic  tissues  are  attained  in  the 
anterior  chamber,  but  not  at  other  bodily  sites.  Transplants  of  embryonic  tis- 
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sues  have  one  of  three  fates — to  be  resorbed  at  once,  to  grow  for  a  while  and 
then  resorb,  or  to  grow  for  indefinite  periods.^**  This  could  account  for  the 
fact  that  animals  of  the  same  age,  sex,  and  source,  receiving  identical  mate¬ 
rial,  showed  variations  in  the  growth  and  differentiation  of  these  transplanted 
tooth  germs.  Woodruff  and  Woodruff-^^  pointed  out  that  the  reason  eye  trans¬ 
plants  of  tissues  survive  better  than  transplants  to  other  sites,  is  due  to  the 
failure  of  lymphocytes  to  accumulate  readily  in  the  anterior  chamber  and  that 
vascularization  usually  takes  place  before  cellular  attack  can  occur.  Lack  of 
initial  growth  could  be  due  to  the  absence  of  a  stimulating  factor  for  growth 
being  transmitted  along  with  the  explanted  tissues  to  the  new  growth  site. 
After  3  or  more  weeks  the  host  usually  developed  an  immune  reaction  and  evi¬ 
dences  of  regression  became  apparent  in  established  growths.  This  was  con¬ 
firmed  by  the  presence  of  osteoclasts  and  multinucleated  giant  cells  associated 
with  newly  formed  dentin,  indicating  a  foreign  body  reaction.  Variations  in 
the  vascularity  of  established  grafts,  during  the  terminal  days  of  gestation  in 
pregnant  animals,  indicated  a  limited  effect  on  transplants. 

Variations  in  the  growth  and  differentiation  of  ameloblasts  may  have 
been  due  to  several  factors.  When  they  undergo  certain  chemical  and  histo¬ 
logical  changes  to  become  functional,  ameloblasts  lose  their  capacity  to  multi¬ 
ply  as  they  become  concerned  with  the  formation  of  enamel.®’  The 

length  of  these  cells,  as  Addison  and  Appleton^  stated,  indicates  their  func¬ 
tional  activity  or  status,  thus  those  that  are  to  form  enamel  rods  become  long 
and  those  that  are  not  to  become  functional  remain  short".  Lack  of  sufficient 
fluids  or  of  an  adequate  blood  supply  may  be  responsible  for  the  frequent 
degeneration  of  these  cells.  In  the  present  study  differentiation  and  growth  of 
the  internal  epithelium  of  the  enamel  organ  were  greater  than  that  reported 
by  Glasstone^®  who  did  not  obtain  the  actual  formation  of  enamel  when  culti¬ 
vating  tooth  germs  in  vitro. 

It  is  of  particular  interest  in  the  present  study  that  ameloblasts  either  func¬ 
tioned  normally  or  degenerated  and  did  not  persist  as  in  an  ameloblastoma. 
Robinson^®  found  that  enamel  formation  was  always  absent  in  ameloblastomas 
and  Bernier®  in  a  later  report  substantiated  this.  Cystic  degeneration  is  the 
end  result  in  an  ameloblastoma,  but  in  transplants  of  tooth  germs  the  internal 
and  external  epithelium  often  degenerate  without  forming  cysts.  Some  of  the 
epithelial  remains,  in  the  present  instance,  resembled  the  primitive  type  of 
cells  described  by  Thoma®®  in  his  review  of  ameloblastomas.  On  failure  to  form 
enamel  in  the  anterior  eye  chamber,  ameloblasts  lost  their  tall  columnar  struc¬ 
tures  and  formed  clusters  or  cords  of  epithelial  cells,  epithelial  pearls,  kera¬ 
tinized  material,  and  sometimes  cysts. 

Huggins,  McCarrol,  and  Dahlberg®®  attempted  to  form  teratoma-like  struc- 
tui  es  by  transplanting  tooth  germ  epithelium  to  certain  locations  in  the  bodies 
of  dogs.  Hahn®*  made  similar  attempts  by  transplanting  this  material  directly 
to  the  ovaries  of  bitches  and  obtained  epidermoid  inclusion  cysts.  It  was  sig¬ 
nificant  to  Iluggin.s,  McCorrol,  and  Dahlberg,  that  this  transplanted  tissue 
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failed  to  form  cysts  but  formed  epithelial  pearls  and  large  islands  of  basal  cells 
with  squamous  cell  centers.  The  results  of  these  investigators  were  similar 
to  those  obtained  in  the  present  instance. 

When  a  normal  relationship  was  lost  between  the  ameloblasts  and  the 
odontoblasts,  independent  dentin  formation  continued  in  either  a  recognizable 
tubular  pattern  or  in  islands.  This  resulted  in  an  amorphous  formation  of 
tooth  structure.  Boyle,  Bessey,  and  Howe,®  who  reported  on  changes  in  dentin 
during  scurvy,  stated  that  dentin  formed  alter  a  disorientation  of  odontoblasts 
is  often  of  inferior  quality  and  resembles  the  secondary  dentin — osteodentin, 
pulp  bone,  or  calcific  scar  tissue — of  human  teeth. 


Fig.  29. — Section  of  a  guinea  pig’s  eye  after  bearing  a  transplant  of  tooth  germ  material 
as  seen  in  Fig.  30  for  25  days.  A  canine  tooth  germ  of  a  newborn  human  being  supplied  this 
material.  Original  magnification  X140. 

Fig.  30. — Section  shows  several  bands  of  tooth  germ  tissue  from  the  same  source  as  those 
used  in  the  above  case.  Original  magniflcalion  X150. 


The  presence  of  multinucleated  giant  cells  and  osteoclasts  near  or  in 
lacunae  along  one  side  of  a  formation  of  dentin  indicated  an  immune  reaction 
on  the  part  of  the  host.  As  Green^*  has  stated,  the  stroma  of  transplanted  tis¬ 
sues  is  replaced  by  a  new  stroma  supplied  by  the  host  who  supplies  the  immune 
reaction.  Osteocytes  or  atrophic  included  cells  were  often  found  in  dentin, 
especially  near  areas  that  showed  resorptive  changes.  According  to  Weinmann 
and  Sicher,*®  osteocytes  are  essential  to  the  normal  function  of  bone  tissue, 
but  they  have  a  limited  life  span  and  cannot  be  regenerated  by  mitotic  division, 
and  when  these  cells  near  the  end  of  their  life  span,  they  must  be  removed  and 
replaced  with  young  and  vital  osteocytes.  This  could  explain  the  constant  re¬ 
vision  of  osteodentin  and  why  transplants  of  tooth  germs  if  allowed  to  re¬ 
main  in  the  anterior  chamber  for  longer  periods  had  most  of  the  dentin  re¬ 
placed  by  osteodentin  that  closely  resembles  bone.  It  is  of  interest  that  Wol- 
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bach  and  Howe,^®  in  reportinj;  on  disturbances  in  dentin  durinf>:  scurvy,  stated 
that  odontoblasts  could  transform  into  osteoblast-like  cells.  In  an  additional 
report  on  scurvy,  Boyle^  found  that  odontoblasts  were  always  changing,  which 
indicated  that  dentin  was  continually  undergoing  revision.  There  is  a  simi¬ 
larity  between  Boyle’s  findings  and  those  in  the  present  study  for  scar  tissue 
resembling  that  found  in  the  dentin  of  guinea  pigs  suffering  from  scurvy  was 
found  in  both  instances.  This  was  illustrated  when  the  odontoblasts,  as  such, 
had  disappeared  and  irregular  shai)ed  cells  with  large  nuclei  were  found  asso¬ 
ciated  with  this  amorphous  osteodentin.  The  “tumor  formations,”  reported  by 
Burns,  Orten,  and  Smith®  in  their  study  of  Vitamin  A  deficient  rats  appear  very 
much  like  the  islands  of  osteodentin  that  were  frequently  found  in  the  present 
experiments,  and  this  raises  a  question  concerning  the  extent  of  the  effect  of 
embryonic  pulp  tissues  on  adjacent  mesenchymal  tissues. 

Ameloblasts  were  observed  during  their  different  morphologic  stages  in 
this  study  and  it  appears  that  the  essential  formation  of  each  enamel  rod  is 
dependent  upon  the  function  of  a  single  ameloblast.  Pre-enamel  rods  were 
identified  as  direct  exten.sions  of  single  ameloblasts.  This  is  not  in  agreement 
with  Wasserman,^^  who  stated  that  not  one  amelol)last  but  several  contribute 
to  each  enamel  prism. 

SUMMARY 

Whole  or  parts  of  tooth  germs  will  survive  transplantation  from  man  to 
lower  animals  and  between  lower  animals  to  the  anterior  chamber  of  the  eye. 
The  exception  to  this  was  found  in  homotransplants  of  the  anlagen  of  14  or  15 
day  tooth  germs  in  mice,  but  these  tissues  survived  transplantation  to  other 
sites.  The  morphology  of  the  developing  tooth  was  lost  when  the  internal 
epithelial  layer,  the  ameloblasts,  failed  to  survive.  When  ameloblasts  and 
odontoblasts  were  separated  from  each  other  dentin  usually  formed  and  occa¬ 
sionally  enamel  was  formed.  Degeneration  of  ameloblasts  re.sulted  in  the 
formation  of  cords  or  clusters  of  epithelial  cells  with  pearl  formation  and  with 
occasional  appearance  of  cysts.  Transplants  of  long  standing  underwent  re¬ 
vision  and  calcified  tooth  structures  were  gradually  replaced  by  an  osteoid 
tissue  that  closely  resembled  bone.  Growth  of  these  transplants  never  exceeded 
the  anterior  chamber.  Transplants  of  human  tooth  germs  to  guinea  pigs’  eyes 
and  transplants  of  rabbit  tooth  germs  to  rabbits’  eyes  gave  the  best  results. 

This  study  was  made  possible  through  the  aid  and  cooperation  of  several  interested 
people  and  organizations.  The  author  is  particularly  indebted  to  the  following:  Dr.  Paul 
E.  Hoyle,  Professor  of  Oral  Histology  and  Pathology  at  the  Graduate  School  of  Medicine 
of  the  University  of  Pennsylvania;  Dr.  H.  S.  N.  Greene,  Brady  Professor  of  Pathology  at 
Yale  University  School  of  Medicine;  Abraham  Spanel;  the  United  States  Public  Health 
Service;  the  Connecticut  graduate  chapter  of  the  Delta  Sigma  Delta  dental  fraternity; 
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PRKlilMINARY  STUDIES  ON  THE  PRESENCE  OF  ACID 
PHOSPHATASE  IN  CERTAIN  ORAL  MICROORGANISMS 

ROBERT  J.  FITZOERALI) 

Federal  Security  Agency,  Public  Health  Service,  National  Inntitutes  of  Health,  National 
Inxtitute  of  Dental  Research,  Bethesda,  Md. 

HE  presence  of  enzymes  in  whole  saliva  capable  of  releasing  phosphate  from 
onrano-phosphate  compounds  has  been  repeatedly  demonstrated  following 
the  report  of  Demuth.'  Since  that  time  there  has  been  constant  speculation  as 
to  the  origin  of  the  phosphatases  in  saliva.  The  most  generally  accepted  view 
is  that  saliva  per  se  contains  little  or  no  phosphatase  activity,  hut  rather  that 
it  originates  in  the  bacterial  and  cellular  debris  present  in  native  saliva.  Flggers- 
Lura*  and  Dentay  and  Rae*  have  reviewed  the  earlier  literature  on  the  subject 
of  saliva  phosphatases. 

Since  some  preliminary  experiments  in  our  laboratory  using  salivas  which 
had  been  pas.sed  through  haeteriologie  filters  or  collected  directly  from  Stensen’s 
duet,  were  in  conformity  with  this  view,  a  study  was  undertaken  to  as.sess  the 
phosphatase  activity  of  some  of  the  mier(K)rganisms  usually  present  in  saliva. 
The  present  report  is  concerned  with  the  results  of  a  survey  of  a  number  of 
aeiduric  oral  bacteria  for  the  ability  to  hydrolyze  a  monophosphate  ester  within 
the  acid  pH  range. 

EXPERIMKNTAF. 

The  lactobaeilli,  mierocoeei,  aerohacter  species,  and  some  of  the  streptococci 
employed  in  this  study  were  originally  isolated  from  pH  5.0  tomato  juice  agar 
spread-plates  of  salivas  of  children  and  adults.  Other  strains  of  streptococci 
were  isolated  from  crystal  violet-azide-blood  plates  of  saliva.  The  latter  medium 
had  the  following  composition  per  liter: 

Brain-heart  infusion  broth  (Difco) 

Crystal  Violet 
Sodium  Azide 
Agar 

Distilled  Water  to  1  titer 

Defibrinated  sheep  blood  was  added  to  a  final  concentration  of  5  per  cent 
just  prior  to  pouring  plates. 

After  the  various  strains  had  been  purified  by  replating  they  were  kept 
on  tomato  juice  agar  or  brain-heart  infusion  agar  stabs  to  which  a  pinch  of 
calcium  carbonate  had  been  added.  For  phosphatase  tests  the  organisms  w’ere 
grown  at  37®  C.  for  24  to  48  hours  in  the  tomato  juice-tween  broth  described 
by  Rogosa  and  Mitchell.*  The  bacterial  cells  were  then  harvested  by  centri¬ 
fuging,  washed  twdce  in  distilled  water,  and  resuspended  in  sufficient  distilled 
water  to  give  a  bacterial  suspension  10  per  cent  by  volume.  One  ml.  of  this 
suspension  was  used  per  test. 
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The  substrate  used  for  the  i)hosphatase  tests  was  disodium  p-nitrophenyl 
phosphate  (Sigma);  0.2  ml.  of  a  0.2  per  cent  aqueous  solution  being  used  for 
each  test.  On  hydrolysis  by  acid  phosphatase  the  substrate  which  is  initially 
colorless  gives  rise  to  p-nitrophenol  and  phosphate.  The  p-nitrophenol  is  color¬ 
less  at  acid  reactions  but  p-nitrophenolate,  formed  at  alkaline  pH  reactions, 
has  an  intense  yellow  color.  Prior  to  use  the  substrate  was  purified  of  free 
l>-nitrophenolate  by  two  extractions  wuth  butyl  alcohol  and  one  extraction  with 
ether  as  recommended  by  Bessey,  Lowry,  and  Brock.®  Stock  solutions  thus 
purified  w^ere  stable  for  at  least  one  w'eek  if  kept  frozen. 

The  tests  with  pure  cultures  of  bacteria  were  performed  as  follow’s: 

1.  Add  1  ml.  of  a  10  per  cent  bacterial  suspension  to  2.0  ml.  of  an  appro¬ 
priate  buffer  solution  in  a  Wasserman  tube. 

2.  Add  0.2  ml.  of  a  0.2  per  cent  solution  of  disodium  i)-nitrophenyl  phos¬ 
phate  and  mix  the  contents. 

3.  Incubate  at  37°  C.  for  one  hour. 

4.  Add  0.1  ml.  of  10  per  cent  NaOlI. 

5.  The  test  is  read  visually  as  0,  ±  -i-,  4 1,  or  4+ 1  depending  on  the  presence 
and  intensity  of  the  yellow^  color. 

The  sodium  hydroxide  had  the  dual  function  of  stopping  the  reaction  and 
permitting  development  of  the  yellow  color  of  the  p-nitrophenolate.  Gross  varia¬ 
tions  in  intensity  were  easily  determined  by  visual  inspection.  When  quantita¬ 
tive  results  were  desired  the  suspensions  were  cleared  by  centrifugation  and 
the  color  intensity  of  the  supernatant  was  read  in  the  Bausch  and  Lomb  ]\Iono- 
ehromatic  colorimeter  at  430  millimicrons.  Appropriate  blanks  were  run  with 
each  group  of  tests.  In  addition  each  individual  test  was  made  to  serve  as  its 
own  blank  by  acidifying  with  concentrated  HCl  diluted  1  to  10  which  changed 
the  yellow  p-nitrophenolate  to  colorless  p-nitroi>henol.  The  resulting  density 
reading  subtracted  from  the  initial  density  reading  gave  the  corrected  density 
which  is  proportional  to  the  degree  of  the  hydrolysis  of  the  substrate  and  thus 
a  measure  of  phosphatase  activity.  Under  these  conditions  reagent  blanks  are 
negligible  if  the  substrate  is  carefully  freed  of  p-nitrophenolate  before  use. 

RESULTS 

Paraffin  stimulated  salivas  collected  from  a  groiq>  of  30  adults  ranging 
from  20  to  35  years  in  age  w'ere  examined  for  phosphatase  activity  as  follows. 
After  thorough  mixing  of  the  specimen  on  a  shaking  machine,  0.2  ml.  of  un¬ 
diluted  saliva  was  added  to  2.5  ml.  m/30  phosphate  of  pH  6.0  and  0.2  ml.  of 
the  phosphatase  reagent  solution.  Tubes  w^ere  incubated  one  hour  at  37°  C. 

In  addition  tubes  of  Snyder  test  medium®  were  inoculated  with  0.2  ml. 
of  undiluted  saliva.  One  tenth  ml.  of  a  1  to  10  dilution  of  saliva  in  0.05  per 
cent  yeast  extract  solution  w'as  used  for  duplicate  pour  plates  of  the  specific 
lactobacillus  medium  of  Rogosa"  and  also  spread  on  the  surface  of  duplicate 
plates  of  pH  5.0  tomato  juice  agar  for  lactobacillus  counts.  The  results  of  these 
tests  are  summarized  in  Table  I  in  which  the  degree  of  phosphatase  activity  of 
each  saliva  sample  is  compared  with  the  results  of  the  Snyder  test  and  the  total 
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lactobacillus  count.  Inspection  of  this  table  indicates  a  general  trend  toward 
agreement  between  the  three  tests.  Two  notable  exceptions  are  saliva  samples 
Nos.  14  and  15.  Tomato  juice  plates  of  these  salivas  contained  many  colonies 
of  gram  negative  rods  which  gave  strongly  positive  reactions  for  both  acid  and 
alkaline  phosphatases  when  tested  in  pure  culture. 


Table  I 

A  Comparison  ok  the  Acid  Phosphatase  Activity  of  Saliva  With  the  Snyder  Test  and 

Lactobacillus  Count 


SAMPLE  NO. 

PHOSPHATASE 

ACTIVITY  ' 

SNYDER  TEST* 

LACTOBACILLUS 

COUNT** 

12 

0 

0 

0 

16 

0 

0 

0 

22 

0 

0 

0 

26 

0 

0 

0 

1 

0 

+ 

0 

.3 

0 

+ 

+ 

5 

0 

+ 

+ 

11 

0 

+ 

+ 

20 

0 

+ 

+ 

2.S 

+ 

+ 

+ 

29 

+ 

+  + 

4 

+ 

+  + 

+ 

17 

+ 

+  + 

+  + 

18 

+ 

+  + 

+  + 

19 

+ 

+  + 

+  + 

2.1 

+ 

+  + 

+  + 

21 

+ 

+  +  + 

+  +  + 

24 

+ 

+  +  + 

+  +  + 

14 

+ 

0 

0 

15 

+ 

0 

0 

27 

+ 

+  + 

+  + 

7 

+ 

+  + 

+  +  + 

9 

+ 

+  +  + 

+  +  + 

10 

+ 

+  +  + 

+  +  + 

30 

+ 

+  +  + 

+  +  + 

6 

+  + 

+  + 

+  + 

13 

+  + 

+  + 

+  +  + 

2 

+  + 

+  +  + 

+  + 

25 

+  + 

+  +  -t- 

+  +  + 

8 

+  +  + 

+  +  + 

+  +  + 

•"Caries  activity"  based  on  color  changes  described  by  Snyder  0  =  no  activity,  +  =  slight 
activity,  ++  =  deflnite  activity,  +++  =  marked  caries  activity 

••Lactobacillus  counts  scored  as  follows :  0  =  negative.  ±  =  1000  per  ml.,  +  =  1,000 
-10,000  per  ml.,  ++  =  10,000-100,000  per  ml.,  +  +  +  =  greater  than  100,000  per  ml. 


The  next  step  was  to  te.st  pure  cultures  of  lactobaeilii  and  other  organisms 
isolated  from  saliva  for  phosphatase  activity.  Approximately  two  hundred 
such  cultures  were  screened.  It  was  found  that  members  of  the  following 
aciduric  groups  possessed  an  acid  phosphatase;  lactobaeilii,  streptococci,  and 
micrococci.  In  addition  a  number  of  gram-negative  rods  resembling  Aerohacter 
aerogenes  were  found  to  possess  pronounced  phosphatase  activity  in  both  the 
acid  and  alkaline  pH  ranges. 

Rogosa,  IMitchell,  and  Fitzgerald®  have  isolated  and  characterized  the  lacto- 
bacilli  found  in  the  salivas  of  children.  A  number  of  these  strains  were  tested 
for  phosphatase  activity  as  shown  in  Table  II,  which  also  show's  how’  the  visual 
estimation  of  phosphatase  activity  relates  to  the  colorimetric  findings. 
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Table  II 

Acid  Phosphatase  Activity  of  Oral  Lactobacilli* 


STRAIN  1 

NO.**  1 

NAME 

TYPE 

DENSITY*** 

visual 

reading 

360 

L.  casei 

Homofermentative 

+ 

530 

L.  casei 

Homo  fermentative 

0.215 

+ 

879A 

L.  casei 

Homofermentative 

0.284 

+ 

844A 

L.  casei 

Homofermentative 

0.292 

+ 

HlOl 

L.  casei 

Homofermentative 

0.174 

+ 

154 

L.  acidophilus 

Homofermentative 

0.155 

+ 

849 

L.  plantaruni 

Homofermentative 

0.138 

127 

Lactobacillus  species 

Homofermentative 

0.174 

+ 

9 

L.  brevis 

Heterofermentative 

0.237 

+ 

175 

L.  brevis 

Heterofermentative 

0.398 

+  + 

850C 

L.  brevis 

Heterofermentative 

0.284 

+ 

11 

L.  feriiienti 

Heterofermentative 

0.583 

+  + 

20 

L.  fernienti 

Heterofermentative 

0.569 

-I-  + 

83 

Lactobacillus  species 

Heterofermentative 

0.398 

+  + 

355 

Lactobacillus  sjiecies 

Heterofermentative 

0.328 

+ 

*Conditions ;  m/30  phosphate  buffer  pH  6.0,  incubated  1  hour  at  37®  C. 

•♦Refers  to  N.I.D.R.  Strain  number. 

•••Refers  to  corrected  density  based  on  transmission  at  430  mu;  reagent  blank  set 
at  100  per  cent  transmission.  Density  =  2-log  T. 

It  is  apparent  that  all  of  the  oral  lactobacillus  strains  tested  possessed  de¬ 
monstrable  phosphatase  activity  at  pH  6.0.  Further  tests  showed  that  this  ac¬ 
tivity  was  at  a  maximum  between  pH  5.0  and  6.0,  decreasing  at  higher  pH 
values  to  a  minimum  at  pH  8.0  or  above. 

Similar  tests  were  performed  using  a  number  of  strains  of  streptococci 
isolated  from  the  saliva.  All  of  the  strains  were  acidogenic,  producing  a 
terminal  pH  of  4.5  or  lower  in  glucose  or  sucrose  broth.  On  the  basis  of  sugar 
fermentations,  salt  tolerance,  and  colonial  morphology  on  5  per  cent  sucrose 
agar  the  strains  were  provisionally  separated  into  three  groups,  i.e..  Strepto¬ 
coccus  mitis,  Strep,  salivarius  and  enterococcus.  Although  the  phosphatase 
activity,  when  present,  is  readily  apparent  in  the  presence  of  m/30  phosphate 
it  can  be  shown,  by  varying  the  phosphate  concentration  or  using  other  buffers 


Table  III 

Acid  Phoshh.vtase  Activity  of  Oral  Streptococci* 


salivarius  group 

MITIS 

GROUP 

ENTEROCOCCUS  GROUP 

STRAIN 

STRAIN 

STRAIN 

NO.  ** 

density*** 

NO. 

DENSITY 

NO. 

DENSITY 

32B 

.012 

21R 

.180 

29B 

.812 

lOR 

.015 

24R 

.209 

18R 

.562 

15B 

.263 

3B 

.648 

13R 

.649 

12R 

.713 

2R 

.656 

IR 

.781 

17B 

.671 

20R 

.782 

4R 

.699 

9B 

.804 

15R 

.842 

33B 

.845 

30B 

.845 

17R 

.888 

8R 

.916 

•Conditions:  Maleate  buffer  0.1  M,  pH  5.2,  incubated  1  hour  at  37°  C. 

••Refers  to  N.I.D.R.  strain  number. 

•••Refers  to  corrected  density  based  on  transmission  at  430  mu;  reagent  blank  set  at 
100  per  cent  transmission. 
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that  the  phosphate  ion  partially  inhibits  the  enzyme.  The  maleate  buffer  de¬ 
scribed  by  Smith®  is  not  inhibitory  and  proved  to  be  a  satisfactory  replacement 
for  phosphate  buffer  in  these  tests.  Table  III  shows  the  phosphatase  activity 
of  a  number  of  strains  of  oral  streptococci  in  m/10  maleate  buffer  at  pH  5.2. 
As  in  the  case  of  the  lactobacilli,  most  of  the  members  of  this  {jroup  exhibit 
appreciable  acid  phosphatase  activity. 

DISCUSSION 

There  is  evidence  in  the  dental  literature  to  suggest  that  the  phosphatases 
of  saliva  may  be  exogenous  in  the  sense  that  they  are  not  present  in  the  original 
salivary  gland  secretion.  It  has  been  our  experience,  just  as  that  of  other  in¬ 
vestigators,  that  saliva  passed  through  bacteriological  filters  or  collected  directly 
from  the  salivary  ducts  exhibits  no  phosphatase  activity  if  tested  under  condi¬ 
tions  which  preclude  the  growth  of  contaminating  microorganisms.  The  evi¬ 
dence  in  the  present  paper  indicates  that  at  least  three  groups  of  microorganisms 
commonly  encountered  in  saliva  exhibit  acid  phosphatase  activity.  Some  further 
experiments  to  be  detailed  in  future  publications  indicate  that  this  bacterial 
phosphatase  has  points  of  similarity  to  acid  phosphatases  described  in  tissues  of 
higher  organisms.  For  example  phosphate  inhibits  the  enzyme  to  some  extent; 
it  is  markedly  inhibited  by  fluoride,  and  apparently  does  not  recpiire  for 

activity. 

Dentay  and  Rae^  using  a  strain  of  L.  acidophilus  of  dairy  origin  and  di- 
sodiumphenylphosphate  as  the  substrate  were  unable  to  detect  phosphatase  in 
this  organism.  On  the  assumption  that  “L.  acidophilus  constitutes  an  appre¬ 
ciable  bulk  of  the  oral  flora”  these  workers  concluded  that  the  phosphatase  in 
saliva  is  ‘‘probably  derived  from  cellular  debris  and  food  residues  with  a  lesser 
contribution  by  microorganisms.”  This  assumption  may  have  to  be  revised  in 
the  light  of  additional  evidence.  For  example,  Bibby,  Volker,  and  Van  Kesteren*'^ 
and  Stralfors,"  among  others,  have  demonstrated  that  the  total  of  all  types  of 
lactobacilli  amounts  to  only  a  very  small  fraction  of  the  salivary  microflora, 
the  ratio  of  lactobacilli  to  streptococci  being  on  the  order  of  1  to  1000.  Secondly, 
Rogosa,  Mitchell,  and  Fitzgerald,®  have  found  that  strains  w’hich  can  be  char¬ 
acterized  as  L.  acidophilus  occurred  with  a  frecjuency  of  about  10  per  cent  in 
a  group  of  over  400  strains  of  lactobacilli  isolated  from  tomato  juice  agar  plates 
of  salivas.  Finally,  reference  to  Table  II  in  this  paper  indicates  that  the  strain 
of  L.  acidophilus  of  salivary  origin  is  relatively  weak  in  phosphatase  activity 
when  compared  with  other  salivary  lactobacilli.  In  view  of  the  fact  that  most 
of  the  streptococci  tested  were  relatively  active  in  respect  to  acid  phosphatase 
and  that  these  organisms  are  numerically  predominant  in  the  oral  microflora  it 
would  seem  not  unreasonable  to  suggest  that  these  and  other  microorganisms 
may  contribute  to  a  very  considerable  degree  to  the  acid  phosphatase  activity 
of  saliva.  Any  decision  as  to  the  precise  extent  of  this  contribution  obviously 
must  await  an  accurate  evalution  of  the  role  of  other  exogenous  salivary  con¬ 
stituents  such  as  cellular  debris  or  food  residues. 

The  results  shown  in  Table  I,  while  based  on  only  30  cases,  suggest  that 
a  parallelism  may  exist  between  acid  phosphatase  activity,  Snyder  test  activity, 
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and  the  laetobacillus  count  of  saliva.  Since  both  of  the  latter  tests  are  used  as 
measures  of  caries  activity  the  feasibility  of  usinj;  the  phosphatase  test  as  a 
supplemental  procedure  for  this  purpose  is  now  being  explored.  Such  a  test, 
if  applicable,  would  have  the  advantage  of  being  extremely  simple  to  perform 
since  no  special  e(piipment  is  needed,  results  may  be  read  visually  after  one 
hour,  and  it  would  readily  lend  itself  to  mass  survey  teehni(iues. 

SUAIMARY 

The  acid  phosphatase  activity  of  whole  saliva  and  of  some  of  the  micro¬ 
organisms  present  in  saliva  has  been  studied  using  sodium  p-nitrophenyl  phos¬ 
phate  as  the  substrate.  Members  of  the  following  groups  have  been  found  to 
l>ossess  an  acid  phosphatase;  lactobacilli,  streptococci,  micrococci,  and  aero- 
bacter. 

In  an  initial  trial  with  80  cases,  generally  parallel  results  were  obtained 
between  acid  phosphatase  activity,  Snyder  test  activity,  and  laetobacillus  counts 
of  saliva  suggesting  further  study  of  the  acid  j)hosphatase  activity  of  saliva  as 
an  additional  laboratory  test  for  caries  activity. 

The  assistance  of  Mr.  William  L.  Poole  in  many  of  these  experiments  is  gratefully 
acknowledged. 
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DKNTAL  CARIES  AND  (DNCIVITIS  IN  MALES  17  TO  20  YEARS  OLD 
(AT  THE  (JREAT  LAKES  NAVAL  TRAIN1N(}  CENTER) 

MAVKY  MASHLKK,  D.D.H.,  M.S.,  WILLIAM  LUDWICK,  D.D.H.,  A.B.,  B.Hc.,  AND 
ISAAC  SCHOUR,  D.D.S.,  Pii.I). 

University  of  Illinois,  College  of  Dentistry,  Chicago,  III.,  and  Great  Lales  Naval  Training 

Center,  Great  Lakes,  111. 

ALAIKJE  number  of  enlistees  from  various  i)arts  of  the  I'nited  States  were 
examined  at  the  (Jreat  Lakes  Naval  Trainin*?  Center.  It  was  felt  that  the 
analysis  of  dental  disease  in  this  ‘iroup  would  provide  a  "ood  cross  sectional 
sampling  of  young  adult  American  men.  These  young  men  came  predominantly 
from  the  Central,  Northeastern,  and  Southeastern  states  with  a  few’  from  scat¬ 
tered  areas  west  of  the  Mississippi  River.  All  enlistees  were  males  between  the 
ages  of  17  and  20  yeai’s  and  all  were  white. 

METHODS  AND  MATERIAI.S 

Naval  enlistees  entering  the  (Jreat  Lakes  Naval  Training  (.'enter  during 
1949  to  1950  were  examined  for  dental  decay  and  gingivitis  without  selection. 
All  examinations  were  made  by  the  same  examiners — two  for  caries  and  one 
for  gingivitis.  The  teeth  and  gingivae  were  examined  using  only  a  mouth 
mirror  and  explorer  under  excellent  lighting  conditions. 

Caries. — The  caries  rate  was  determined  according  to  the  method  outlined 
by  Klein,  Palmer,  and  Knutson.*  Results  were  tabulated  as  the  number  of 
DMF  (Decayed,  Missing,  Filled)  teeth  and  tooth  surfaces. 

Gingivitis. — Gingivitis  was  assessed  according  to  the  method  outlined  by 
Sehour  and  Massler;'  Glassier,  Sehour  and  Chopra;®  and  Mas.sler  and  Savara."’ 
The  results  were  tabulated  as  the  number  of  papillary  (P),  marginal  (M),  and 
attached  (A)  gingival  areas  affected  in  each  mouth.  For  statistical  convenience, 
the  results  were  also  tabulated  as  the  sum  of  P-^I  A. 

FINDINGS 

Dental  Caries  Experience. — Table  I  and  Fig.  1  show  that  the  dental  caries 
experience  in  this  sample  is  fairly  close  to  the  averages  previously  reported  by 
Klein  and  Palmer*  and  by  Hollander  and  Dunning.^  The  distribution  of  dif¬ 
ferent  degrees  of  caries  is  shown  in  Fig.  2. 

The  opinions  and  assertions  of  the  authors  are  not  to  be  construed  as  official  or  re¬ 
flecting  the  views  of  the  Navy  Department  or  the  Naval  Service  at  iarge. 

This  paper  is  based  on  a  Joint  investigation  by  the  University  of  Illinois  College  of 
Dentistry  and  the  Dental  Department,  Administrative  Command,  United  States  Naval  Train¬ 
ing  Center,  Great  Lakes,  III.,  with  the  approval  and  support  of  the  Bureau  of  Medicine  and 
Surgery,  Navy  Department. 

Research  grants  from  the  Division  of  Research  Grants  and  Fellowships  of  the  National 
Institutes  of  Health,  United  States  Public  Health  Service,  supported  the  phase  of  the  study 
conducted  by  the  I’nlversity  of  Illinois  College  of  Dentistry. 

Received  for  publication,  Nov.  11,  1951. 
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Table  I 

Dental  Caries  Experience  (DMF)  and  Gingivitis  (PMA)  in  Males  17  to  20  Years  ok 
Age  at  the  Great  Lakes  Naval  Training  Center 


AGE 

IN 

YEARS 

number 

EXAMINED 

AVERAGE  NUMBER 
DMF*  TEETH  OR 
SURFACES  PER 
PERSON* 

%  PERSONS 
AFFECTED 

BY 

GINGIVITIS 

AVERAGE  NUMBER 
GINGIVAL  UNITS 
AFFECTED  PER  PERSON** 

CORRELATION 
(r)  BETWEEN 
DMF  SC'ORE 
AND  P+M+A 

SCORE 

TEETH 

SURFACES 

P 

M 

A 

P+M+A 

17 

1515 

9.8 

21.3 

05 

4.0 

1.1 

0.0 

5.1 

0.098 

18 

1485 

12.0 

27.2 

00 

4.0 

1.1 

0.0 

5.1 

0.17 

19 

09(5 

11.7 

25.1 

00 

4.1 

1.3 

0.0 

5.4 

0.13 

20 

.347 

12.5 

27.8 

08 

4.0 

1.2 

0.0 

5.8 

0.127 

17-20 

4043 

11.3 

25.2 

0(» 

4.05 

1.15 

(1.(1 

5.2 

0.127 

•D  =  number  of  decayed  teeth  or  tooth  surfaces 
M  =  number  of  missing  teeth  or  tooth  surfaces 
F  =  number  of  filled  teeth  or  tooth  surfaces 
**P  =  number  of  gingival  papillae  affected 
M  =  number  of  gingival  margins  affected 
A  =  number  of  attached  gingival  areas  affected 


Table  IT.  Distribution  of  Gingivitis  in  Males  17  to  20  Years  of  Age 
at  the  Gre.at  Lakes  Naval  Training  Center 


AGE 

(IN 

YEARS) 

NU.MBER 

EXAMINED 

NO 

gingivitis 

SOME 

GINGIVITIS 

DEGREE  OF  GINGIVITIS* 

(IN  PERCENTAGE  OF  PERSONS  AFFECTED) 

VERY 

MILD 

MILD 

MODERATE 

SEVERE 

VERY 

SEVERE 

17 

1515 

35.3% 

04.7% 

13.9% 

14.9% 

17.0% 

9.8% 

9.1% 

18 

1485 

33.9 

60.1 

18.4 

17.9 

7.6 

8.6 

19 

690 

34.2 

65.8 

16.1 

16.8 

8.2 

9.6 

20 

.347 

32.3 

07.7 

20.2 

13.5 

8.4 

8.1 

17-20 

4043 

34.3 

(55.7 

10.5 

16.2 

1  15.5 

8.6 

8.9 

♦Very  Mild 
Mild 

Moderate 
Severe 
Very  Severe 


=  V2  Average  or  less  (P+M+A:  1-2) 

=  M  to  lx  Average  (P+M+A:  3-5) 

=  lx  to  2x  Average  (P+M+A;  6-10) 

=  2x  to  3x  Average  (P+M+A;  11-15) 

=  More  than  3x  Average  (P+M+A;  16+) 


Table  III.  Average  Caries  Experience  (DMF  Teeth  and  Tooth  Surfaces) 
IN  PER.SONS  With  Different  Degrees  of  Gingivitis 


DEGREE  OF  GINGIVITIS* 

NUMBER  IN  EACH 
CATEGORY 

average  n 

TEETH  0 
SURFACES  1 

TEETH 

UMBER  DMF 
iR  TOOTH 

PER  PERSON 

SURFACES  ' 

None 

1387 

11.01 

24.27 

Very  Mild 

666 

11.56 

26.10 

Mild 

655 

12.25 

27.67 

Moderate 

627 

11.54 

25.64 

Severe 

347 

11.18 

25.09 

Very  Severe 

361 

10.66 

22.78 

All 

4043 

11.3 

25.2 

•See  Table  II  for  more  complete  explanation. 
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Gingivitis  Experience. — Table  I  and  Fig.  1  show  the  average  number  of 
gingival  units  affected  at  each  age  level.  The  findings  in  this  group  compare 
very  closely  with  the  findings  by  Glassier,  Cohen,  and  Schour.^  The  frequency 
distribution  of  different  degrees  of  gingivitis  is  shown  in  Table  II.  Fig.  3  indi¬ 
cates  that  the  distribution  of  different  degrees  of  gingivitis  is  hyperbolic  in  con¬ 
trast  to  the  “normal”  distribution  of  caries  as  shown  in  Fig.  2. 


Fig.  1. — Incidence  of  dental  caries  (number  of  decayed  [D],  missing  [M]  and  filled  [F] 
teeth  and  tooth  surfaces  per  person)  and  of  gingivitis  (number  of  papillary  [P],  marginal 
[M]  and  attached  [A]  gingival  units  affected  per  person)  in  4,043  males,  17  to  20  years  of  age. 

The  Relation  of  Caries  Experience  atid  Gingivitis. — The  relation  between 
periodontal  disease  and  dental  caries  has  always  been  an  intriguing  clinical 
question.  Clinical  opinion  holds  that  caries  and  periodontal  disease  are  mutually 
exclusive.  However,  this  does  not  mean  that  the  same  is  also  true  in  the  rela¬ 
tion  between  caries  and  gingivitis.  Hassler  and  Savara®  investigated  the  corre¬ 
lation  between  caries  experience  and  gingivitis  in  teen-age  children  (aged  14  to 
18  years)  and  discovered  neither  a  positive  nor  negative  relationship.  The  rela¬ 
tionship  was  tested  by  (a)  computing  the  coefficient  of  correlation  between  the 
average  DMF  score  and  P+H-^A  score  (as  in  Table  I),  and  (b)  by  computing 
the  average  DMF  score  in  groups  with  none,  mild,  moderate  and  severe  gingivitis 
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Distribution  of  Dental  Caries  (DMF  Teeth) 
in  Moles  17  -  20  Years  of  Age 


NUMBER 


OF 

DMF  TEETH  TEETH  AFFECTED 


0 

None  (Caries  Free) 

1-4 

1st  Molars  only 

5-8 

1st  e  2nd  Molars 

9-12 

Molors  *  2nd  Bicuspids 

13-16 

Motors  ,2nd  Bic.«  Upper  Incisors 

17-20 

Above  plus  Upper  1st  Bic  *  Cuspids 

21-24 

Above  plus  Lower  1st  Bic r- Cuspids 

25-28 

Above  plus  Lower  Incisors 

PERCENTAGE  OF  PERSONS  AFFECTED 


Kig.  2. — Distribution  of  dental  caries  (DMF  teeth)  in  4,043  males,  17  to  20  years  of  age, 
examined  at  the  Great  Lakes  Naval  Training  Center. 


% 


Number  Gingivol  Units  Affected  (PtMtA) 

Fig.  3. — Distribution  of  gingivitis  (P+M+A)  in  4,043  males,  17  to  20  years  of  age. 
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(as  in  Table  III).  A  similar  analysis  in  this  large  group  of  males,  17  to  20 
years  of  age,  showed  that  no  relationship  existed  between  dental  caries  expe¬ 
rience  and  gingivitis  (Tables  I  and  III). 


DISCUSSION 

The  opportunity  presented  itself  to  study  the  prevalence  of  dental  caries 
and  gingivitis  in  a  fairly  large  cross  sectional  sample  of  the  young  adult  male 
population  of  the  United  States  entering  the  (treat  Lakes  Naval  Training  Center. 
The  findings  substantiate  previous  reports  on  the  average  caries  attack  rates  in 
the  United  States.  The  present  group  represented  an  adequate  sample  of  young 
adult  males  living  east  of  the  Mississippi  River  and  coming  from  rural,  village, 
city,  and  metropolitan  areas.  We  feel  therefore  that  these  data  represent  an 
accurate  cross  section  of  dental  caries  and  gingivitis  experience  in  the  young 
adult  American  male. 


SUMMARY  AND  CONCLUSIONS 

Examination  of  4,043  white  male  naval  inductees,  17  to  20  years  of  age, 
from  various  areas  in  the  United  States  showed  them  to  experience  an  average 
of  11.3  DMF  teeth  and  25.2  DMF'  tooth  surfaces  per  person  and  an  average 
of  5.2  P+M+A  gingival  units  affected  per  person.  No  correlation  either  positive 
or  negative  could  be  demonstrated  between  gingivitis  and  dental  caries  ex¬ 
perience  in  this  sample  of  young  adult  males.  This  does  not  negate  the  neces¬ 
sity  for  further  study  of  the  relationship  between  caries  and  periodontal  disease 
in  persons  in  older  age  groups. 

We  wish  to  express  our  appreciation  to  Captain  C.  W.  Schantz,  DC  USN,  The  Dental 
Office,  for  his  aid  and  cooperation;  to  Dr.  Jack  Zwemer,  who  supervised  the  statistical 
tabulations  by  means  of  I.B.M.  cards;  to  LCDB  E.  T.  Guay,  DC  USN,  for  the  caries 
examinations  and  to  W.  R.  Martin,  DN  USN,  for  his  active  participation  in  the  survey  of 
the  enlistees. 
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RELATION  OK  FUNCTION  TO  CARIES  RATE 
H.  H.  NEUMANN,  W.  LEFKOWITZ,  AND  N,  A.  Di  SALVO 
Dept,  of  Dental  Researeh,  College  of  Physicians  and  Surgeons,  Columbia  University,  Dental 
Dept.,  Montefiore  Hospital,  and  Dept,  of  Physiology,  College  of  Physicians  and 
Surgeons,  Columbia  University,  New  York,  N.  Y. 

This  report  is  concerned  with  an  experimental  attempt  to  increase  the  dental 
function  of  a  controlled  population  and  describes  the  effect  on  the  caries 
rate.  It  was  prompted  by  observations  on  various  dietaries  and  their  relation 
to  caries  incidence  which  suggested  that  a  high  degree  of  function  and  caries 
immunity  are  commonly  associated.^ 

The  amount  of  chewing  in  length  of  time  or  in  the  number  of  chewing 
motions  was  considered  of  minor  importance  compared  with  the  force  exerted 
during  mastication.  In  preliminarj'  tests®  it  was  found  that  raw  fruits  and 
vegetables,  toast,  biscuits,  and  commercially  available  chewing  gum  were  not 
suited  for  this  experiment;  foods  that  were  considered  to  require  sufficient 
vigorous  mastication  were  certain  types  of  bread  and  sugar  cane.  Of  these  two, 
hard  bread  seemed  to  have  little  appeal  to  adolescents  and  their  attitude  to  the 
chewing  of  bread  would  defeat  the  progress  of  an  experiment  for  any  prolonged 
period.  We  therefore  finally  selected  sugar  cane,  certain  varieties  of  which 
have  considerable  taste  appeal  to  youth  and  at  the  same  time  offer  a  maximum 
of  hard  bulk  which,  during  mastication,  does  not  lose  its  fibrous  structure. 

King^  used  sugar  cane  in  therapeutic  experiments,  studying  the  influence 
of  cane  chewing  on  periodontal  structures.  The  teeth  of  the  population  in  cane 
growing  areas  were  reputedly  little  attacked  by  caries.  An  investigation  by 
King  and  Martin*  in  the  West  Indies  did  not  entirely  confirm  this  notion, 
though  they  stated  that  cane  chewing  is  a  “fast  dying  habit.” 

The  present  study  was  conducted  at  Children’s  Village,  Dobbs  Ferry,  New 
York.  This  institution  has  a  population  of  over  400  boys,  fourteen  to  fifteen 
years  old,  with  a  residence  averaging  two  years.  The  boys  are  generally  in  good 
health  and  under  constant  medical  supervision.  All  the  children  receive  the 
same  standard  diet  from  one  central  kitchen  and  the  food  is  distributed  before 
each  meal  to  the  various  individual  cottages  in  which  the  boys  are  housed. 

PROCEDURE  OP  THE  EXPERIMENT 

Suitable  varieties  of  sugar  cane  were  secured  from  Florida,  Louisiana,  and 
Puerto  Rico  and  were  transported  and  stored  under  refrigeration  at  a  tempera¬ 
ture  from  36°  to  38°  F.* 

The  ends  of  the  cane  sticks  were  waxed  to  prevent  or  delay  fermentation 
and  desiccation.  Under  these  conditions  little  of  the  cane  deteriorated  and  it 
could  be  stored  from  an  average  of  one  month  to  a  maximum  of  3  to  4  months. 

Five  cottages  were  selected  for  the  daily  distribution  of  one  piece  of  sugar 
cane  per  child  and  \dgorous  mastication  on  the  part  of  the  children  was  invited 
and  supervised  by  house  parents.  In  five  other  cottages,  which  served  as  con¬ 
trols,  the  children  received  daily  the  juice  extracted  from  a  fresh  piece  of  sugar 
cane,  the  same  in  .size  as  the  pieces  handed  to  the  chewing  children.  The  pre- 

Received  for  publication  Sept.  20,  1951.  Revised  by  authors  Dec.  7,  1951. 
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caution  of  this  control  was  taken  in  order  to  limit  the  difference  between  the 
chewinff  and  the  nonchewinp  ffroups  to  the  physical  structure  and  chewing  re¬ 
quirements  of  the  cane.  It  served  to  obviate  the  necessity  of  a  detailed  study 
of  vitamin  and  mineral  content  of  the  ])articular  types  of  eane  used. 

Children  in  the  third  group  of  five  cottages  served  as  another  type  of  con¬ 
trol  by  receiving  neither  cane  nor  juice.  This  control  group  provided  the  normal 
caries  attack  rate  in  the  institution. 

In  order  to  secure  the  neces.sary  population,  new  admissions  were  accepted 
to  provide  at  least  100  children  in  both  experimental  and  control  groups.  The 
period  of  observation  was  eighteen  months  for  all  ca.ses  included  in  the  study. 

The  examinations  were  carried  out  by  a  dentist  and  a  hygienist  who  charted 
their  findings  without  knowledge  to  which  group  the  children  belonged.  All 
children  had  their  teeth  examined  radiographically  and  clinically  at  the  .start 
and  termination  of  the  study,  (^linical  examination  was  carried  out  with  mouth 
mirror  and  explorer  and  caries  was  identified  according  to  the  usually  accepted 
standards.  In  full-mouth  bite-wing  radiographs  caries  was  identified  by  any 
decalcifications  penetrating  to  the  dentino-enamel  junction. 

The  cottages  that  were  designated  for  the  cane-chewing  groups  received 
daily  a  bag  containing  suitably  cut  pieces  of  sugar  cane  of  about  6  inches  in 
length  and  sufficient  in  number  so  that  each  boy  would  receive  daily  one  piece 
of  cane.  This  cane  was  stripped  of  its  hard  barklike  peel  with  the  aid  of  knives. 
Boys  with  good  incisors  were  advised  that  they  could  use  their  front  teeth  to 
peel  the  eane.  After  this  preparation,  the  pieces  were  chewed,  whereby  em¬ 
phasis  was  put  on  exerting  vigor  in  mastication.  Sucking  of  cane  was  forbidden 
by  the  house  parents  who  supervised  the  chewing.  The  time  at  which  the  cane 
was  eaten  varied  in  different  cottages;  usually  the  rest  period  after  lunch  was 
assigned  to  the  purpose. 

The  other  group  of  cottages  receiving  the  syrup  were  supplied  daily  with 
freshly  milled  juice.  The  amount  distributed  equaled  closely  the  amount  of 
cane  juice  that  the  boys  in  the  chewdng  group  received  by  extracting  it  them¬ 
selves  by  mastication.  The  syrup  was  given  either  plain  or  mixed  with  other 
foods  or  liquids  when  the  sw'eetness  was  objected  to.  Most  children,  though,  liked 
the  taste  of  the  juice  and  no  gastric  or  other  disorders  were  reported  from  in¬ 
gestion  of  the  comparatively  small  amount  of  juice  daily. 

The  various  difficulties  encountered  during  the  experiment  centered  mostly 
around  the  problem  of  obtaining  a  steady  supply  of  palatable  cane.  There  were 
several  periods  during  which  the  cane  distributed  had  no  good  chewing  qualities, 
or  was  poor  in  taste,  and  therefore  was  rejected  or  at  least  not  readily  accepted 
by  the  boys. 

A  few  children  did  not  care  for  the  cane;  these  were  mostly  children  who 
had  initially  poor  teeth.  Yet,  as  all  children  remained  in  the  two  control  groups, 
w'e  did  not  exclude  them  in  the  counting  of  the  caries  experience  in  the  chewing 
group  either. 

Some  children  in  the  control  groups  made  every  effort  to  secure  sugar  cane 
for  its  taste  and  flavor.  They  attempted  to  circumvent  the  regulations  estab- 
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lished  by  the  administration.  No  record  of  their  success  was  possible;  every 
effort  was  made  to  keep  these  irregularities  at  a  minimum. 

The  number  of  children  observed  and  examined  in  the  experiment  exceeds 
seven  hundred.  As  the  children  enter’ the  village  at  any  time  throughout  the 
year  many  who  initially  entered  the  experiment  were  discharged  after  periods 
of  observation  of  less  than  eighteen  months.  A  great  number  of  children  ad¬ 
mitted  later  to  the  experiment  did  not  stay  sufficiently  long.  Furthermore,  all 
tho.se  who  entered  the  experiment  during  the  last  eighteen  months  were,  like 
the  other  two  groups,  not  included  for  the  final  tabulation  of  the  results. 

In  order  to  be  able  to  eliminate  from  the  calculations  all  children  who  were 
in  the  experiment  for  a  period  of  less  than  eighteen  months,  the  time  of  the  ex- 
l)eriment  had  to  be  extended  for  a  period  of  three  years  from  December,  1947, 
to  January,  1951. 

In  the  evaluation  of  the  findings  we  employed  the  estimation  of  the  DMF 
(decayed,  mi.ssing,  filled  teeth)  rate.  The  results  are  summarized  in  the  tables. 


Table  I 


NO.  of 

CHILDREN  IN 

EXPERIMENT 

('ane-Chewing  Group  (Group  1 ) 

102 

Control  Groups  (Groups  2  and  3) 

164 

Group  Receiving  Cane  .Tuice  (Group  2) 

83 

Group  Receiving  Neither  Cane  Nor  .luice  (Group  3) 

81 

Table  II 

Comparison  of  DMF  Teeth  for  Experimental  and  Control  Groups 


GROUP  1 

(CANE  CHEWING) 

GROUP  2 
(CANE  JUICE) 

GROUP  3 
(NO  CANE) 

Total  DMF  teeth  at  initial  examination 

1173 

939 

849 

Initial  DMF  average  per  child 

11.5 

11.3 

10.5 

Total  DMF  teeth  after  18  months 

1289 

1118 

1016 

DMF  average  per  child  after  18  months 

12.6 

13.5 

12.6 

Total  DMF  increase 

116 

179 

167 

Mean  DMF  increase  per  child 

1.1 

2.2 

2.1 

Standard  deviation 

1.4 

1.9 

2.1 

Standard  error  of  mean 

0.14 

0.21 

0.23 

The  mean  BMP'  increase  per  child  for  both  the  control  group  and  the  group 
receiving  cane  juice  is  about  twice  as  large  as  the  mean  D]\IF  increase  per  child 
in  the  group  receiving  whole  cane.  In  a  statistical  analysis  the  data  were 
tabulated  according  to  the  number  of  ca.ses  showing  increases  in  DMP’  teeth  of 
zero,  one,  two,  three,  and  so  on  and  the  following  calculations  were  made  for 
each  group: 

2  f  (x) 

The  mean  DMF  increase  per  child,  m  =  — - 


Standard  deviation  a  ■= 


V 


2  f  (x-ni)2 
N 


a 

Standard  error  of  mean,  SE  =  - 


V  N 
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whereby  x  equals  the  increase  in  DMF  teeth,  f  the  frequency  of  occurrence  of 
X,  and  N  the  number  of  children  in  each  group. 

The  significance  of  the  differences  between  means  was  tested  by  calculation 
of  the  critical  ratio, 

CR  =  — — !]?-■■■  where  m,  and  m2  refer  to  the  mean  DMF  increase  per  child 

V  s  Ei>  +  S  Ei* 

for  each  group,  respectively,  and  S  Ei  and  S  E2  refer  to  the  standard  error  of 
nil  and  1112,  respectively. 

In  comparing  the  cane-chewing  group  and  the  juice-drinking  group,  this 
ratio  has  the  value  of  4.2.  Comparing  the  chewing  group  with  the  other  con¬ 
trols,  the  value  is  3.1,  and  0.3  in  comparing  the  two  control  groups. 

The  chances  of  the  difference  in  DMF  increase  between  the  cane-chewing 
group  and  either  of  the  other  two  control  groups  occurring  by  chance  alone  is 
le.ss  than  0.3  per  cent.  These  differences,  therefore,  may  be  considered  sig¬ 
nificant.  The  ratio  of  0.3  in  comparing  the  juice-drinking  group  with  the  chil¬ 
dren  receiving  neither  cane  nor  juice  indicates  that  there  is  no  significant  dif¬ 
ference  between  the  means  of  these  groups. 

DISCUSSION 

The  difference  of  about  fiO  per  cent  in  the  occurrence  of  new  teeth  affected 
by  caries  in  the  chewing  and  the  nonchewing  group  can  be  attributed  to  the 
additional  function  provided  by  the  daily  mastication  of  sugar  cane.  The  actual 
inhibiting  process  is  open  to  argument,  between  a  purely  mechanical  detergent 
action  of  the  fibrous  food,  and  a  metabolic  effect  of  function  on  the  organic 
structure  of  the  teeth,  causing  an  increased  resi.stance  to  caries.  Another  un¬ 
determined  factor  may  be  at  play. 

Previously  reported  findings  on  rat  and  monkey  teeth  suggested  that  disuse 
may  have  an  effect  on  the  structure”*’  ®  of  the  teeth  in  the  way  it  affects  other 
oi’gans  with  mechanical  functions  in  the  hotly.  These  .studies  had  no  direct 
reference  to  caries  and  the  findings  are  not  indicative  regarding  the  particular 
part  of  the  dental  structure  affected  by  disuse. 

The  results  are  not  too  startling  compared  with  caries  reduction  reported 
obtainable  by  other  means.  Discrepancy  of  effort  would  be  all  the  more  in  favor 
of,  for  instance,  fluorine  as  the  present  results  of  a  oO  per  cent  caries  reduction 
were  obtained  under  considerable  technical  difficulty  of  supply  and  constant 
supervision,  yet  we  feel  that  we  may  follow  a  physiological  route  of  caries 
elimination.  The  described  experiment  suffered  a  considerable  handicap  in  the 
varying  quality  of  the  cane,  and  vigorous  mastication  was  not  sufficiently  and 
regularly  maintained. 

Another  difficulty  in  the  experiment  consisted  in  the  generally  rather  poor 
dental  condition  at  the  outset  which  interfered  in  many  eases  with  the  ability 
to  chew^  adequately.  Nevertheless,  these  boys,  some  of  them  unable  to  cope  with 
the  cane,  were  not  eliminated  from  the  experimental  group.  The  data  thereby 
remained  comparable  with  the  control  groups. 

It  will  yet  have  to  be  investigated  under  more  favorable  eonditions  of  eane 
supply  or  a,  as  yet  unknowm,  fibrous  substance  with  taste  appeal  for  children. 
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whether  or  how  far  the  results  can  be  further  improved  and  what  the  practical 
limitations  and  optimal  benefits  will  be. 

SUMMARY 

In  an  experiment  designed  to  study  the  effects  of  vigorous  mastication  on 
caries  incidence,  over  a  period  of  eighteen  months,  102  children  received  a  daily 
supply  of  fibrous  sugar  cane  which  they  chewed  under  supervision,  164  controls 
were  again  divided  into  two  groups  of  which  one  received  daily  freshly  milled 
cane  juice,  and  the  other  neither  cane  nor  juice. 

The  results  obtained  showed  a  50  per  cent  reduction  in  the  caries  rate  in 
the  chewing  group.  A  concept  relating  susceptibility  to  caries  to  metabolic 
changes  in  the  tooth  due  to  underfunction  is  set  forth. 

The  major  difficulties  of  the  experiment  were  the  obtaining  of  a  steady 
palatable  cane  supply,  and  poor  dentitions  to  start  with  in  many  of  the  children 
which  made  many  in  the  chewing  group  unable  to  cope  properly  with  the  cane. 
The  authors  feel  that  the  present  results  do  not  therefore  necessarily  reflect  the 
limitations  or  optimal  benefits  obtainable  from  vigorous  function  as  a  physio¬ 
logical  aj)proach  to  induce  caries  immunity. 
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Electrical  phenomena  in  oral  cavities  have  been  described  and  discussed 
in  many  papers  published  between  1878  and  the  jiresent  time.  Solomon, 
Reinhard,  and  Ooodale’  abstracted  the  24  most  important  papei*s  published 
before  June,  1933. 

The  papers  up  to  late  1933  de.scribe  different  cases  and  suggest  explanations 
of  the  observed  symptoms.  Cases  are  described  in  which  certain  pathologic 
conditions  in  the  oral  cavity  were  relieved  when  the  metallic  restorations  were 
changed  so  that  all  were  made  of  one  kind  of  metal,  or  were  completely  removed. 

Lain  and  Caughron*  reported  their  use  of  a  Weston  Model  No.  440  micro¬ 
ammeter  having  a  range  of  75  microamperes,  and  stated  that  in  only  a  few 
cases  did  they  require  an  instrument  having  a  greater  range.  They  also  state 
correctly  that  the  potential  difference  of  the  two  restorations  could  be  calculated 
by  taking  the  product  of  the  observed  current  and  the  resistance  of  the  micro¬ 
ammeter.  They  state  neither  the  resistance  of  the  meter  nor  the  magnitude  of 
a  potential  difference.  The  chief  concerns  of  the  paper  are  ease  histories  and 
general  observations. 

Solomon,  Reinhard,  and  Goltz^  reported  the  results  of  laboratory  experi¬ 
ments  in  which  they  used  saliva  and  six  different  restoration  metals.  They 
suggest  that  a  current  would  exist  in  a  normal  oral  cavity  provided  an  external 
circuit  exists  and  that  soft  tissue  might  supply  the  external  circuit.  They  state 
further  that  it  is  “obviously  impossible”  to  measure  such  a  current  in  vivo  and 
then  sugge.st  an  experiment  in  vitro,  w'hich  they  performed.  This  experiment 
consi.sted  of  immersing  a  gold  and  an  amalgam  electrode  in  saliva.  When  a 
microammeter  w^as  connected  to  the  electrodes  it  indicated  a  current.  When 
both  a  copper  wire  and  ♦he  ammeter  were  connected  in  parallel  to  the  two 
elec'trodes,  the  meter  indicated  “no  current.”  They  state  that  the  copper  wire 
simulates  the  soft  tissue  external  circuit  and  that  therefore  “this  may  be  con¬ 
sidered  evidence  that  no  external  circuit  exists  in  the  soft  tissues  of  the  mouth.” 
This  conclusion  appears  to  be  quite  incorrect.  The  resistance  of  the  copper  wire 
undoubtedly,  was  very  low'  compared  to  that  of  the  ammeter  and  therefore  the 
current  through  the  meter  was  too  small  to  cause  the  meter  to  deflect  ap¬ 
preciably.  Further,  if  the  copper  wdre  had  had  a  resistance  of  thousands  of 
ohms,  as  is  the  case  for  the  resistance  lietween  a  pair  of  dental  restorations 

The  data  on  which  this  report  is  based  were  part  of  Navai  Research  Project  NR-1 82-510. 
This  contract  was  negotiated  by  the  I’niversity  of  Oklahoma  Research  Institute. 

Received  for  publication.  Nov.  29.  1951. 
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through  the  soft  tissues,  then  the  meter  would  have  recorded  a  large  deflection. 
It  is  clear  that  these  workers  were  not  aware  of  the  fact  that  the  bone  fluid*  in 
the  tooth  and  jaw  also  supplies  a  very  good  external  circuit. 

Solomon,  Reinhard,  and  Goltz  then  observed  the  decrease  in  current  with 
time  when  the  microammeter  alone  was  connected  to  the  two  electrodes.  From 
these  experiments  they  concluded  that,  although  an  e.m.f.  exists  between  me¬ 
tallic  restorations  in  the  mouth,  “no  current  is  normally  flowing.”  They  sug¬ 
gested  that  polarization  and  oxidation  of  the  restorations  together  with  film 
formation  i)revent  the  flow  of  current.  It  is  evident  that  their  experimental 
results  do  not  lead  to  this  conclusion  which  rests  on  the  copper  wire  data.  Since 
the  copper  wire  simulated  the  soft  tissue  and  since  a  relatively  large  current 
did  go  through  the  wire,  that  current  also  went  through  the  saliva  and  the  bone 
fluid  between  the  two  electrodes.  Thus  it  apjjears  that  their  conclusion  should 
have  been  that  a  current  is  normally  flowing. 

Lain,  Schriever,  and  Caughron'*  described  exi)eriments  which  demonstrated 
the  electrical  conditions  that  exist  in  the  case  of  two  fillings  made  of  different 
metals.  It  was  shown  that  the  bone  fluid  acting  on  the  two  fillings  produces  an 
e.m.f.  which  is  nearly  as  great  as  that  produced  by  the  saliva,  each  of  them 
being  from  amalgam  to  gold  through  the  respective  electrolytes.  It  was  shown 
also  how  these  electromotive  forces  might  be  measured  and  that  the  two  of  them 
would  combine  in  parallel  to  furnish  a  current  through  a  microammeter  con¬ 
necting  the  two  restorations.  It  was  pointed  out  why  the  current  through  such 
a  meter  would  be  much  greater  than  that  which  would  exist  in  the  oral  cavity 
under  normal  conditions. 

Reed  and  Willman®  described  some  experiments  with  pieces  of  platinum, 
gold,  copper,  and  amalgam  immersed  in  several  solutions  including  the  saliva 
in  an  oral  cavity.  They  also  connected  a  large  amalgam  filling  and  a  gold  inlay 
in  an  oral  cavity,  with  a  gold  wire.  Hours  later  they  connected  the  galvanometer 
to  these  re.storations  and  then  broke  the  gold-wire  connection.  The  current 
was  then  observed  to  be  one  microampere.  They  concluded  from  these  experi¬ 
ments  that  under  truly  average  conditions  in  the  mouth  appreciable  currents 
do  not  exist.  They  also  stated  that  currents  from  1  to  100  microamperes  may 
exist  if  a  gold  and  an  amalgam  filling  come  in  contact.  They  considered  currents 
of  the  order  of  one  microampere  not  to  be  harmful.  It  appears  that  Reed  and 
Willman  neither  measured  the  magnitude  of  an  electric  current  in  a  normal 
oral  cavity  nor  measured  quantities  from  which  such  a  current  could  be  cal¬ 
culated.  They  demonstrated  that  polarization  effects  build  up  relatively  rapidly 
when  the  fillings  are  connected  with  a  wire  (ammeter),  and  that  these  tend  to 
reduce  the  current. 

Reed  and  Willman  also  referred  to  a  paper  by  Mills®  who  found  in  a  sta¬ 
tistical  survey  of  1,000  patients  that  the  incidence  of  irritation  of  the  oral  mu¬ 
cosa  was  essentially  the  same  for  patients  with  dissimilar  metal  restorations  as 
for  ])atients  having  restorations  of  only  one  metal  or  no  restorations  at  all. 

*In  this  paper  we  shall  define  "bone  fluid”  to  mean  all  those  electrolytes  in  the  dentin, 
bone,  and  tissue  through  which  the  electric  current  passes  in  going  from  the  bottom  of  one 
filling  through  the  tooth  and  jaw,  then  through  the  other  tooth  to  the  bottom  of  the  second 
filling. 
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\"enable,  Stuck,  and  Beach^  described  experiments  in  which  they  placed 
screws,  made  of  various  pure  metals  and  alloys,  in  the  fractured  radii  of  dogs, 
two  screws  being  placed  near  each  other  in  each  radius.  Their  work  convinced 
them  that  galvanic  action  did  occur  and  that  the  metals  were  transported  as 
would  be  expected  from  their  positions  in  the  electromotive  series. 

MacGreagor  and  Fickling*  described  three  cases  in  which  electrolytic  action 
between  Cu-Ag  dental  splints  and  Cr-plated  steel  pins  caused  ulcerations,  bone 
necrosis,  and  delayed  healing  of  mandibular  fractures  treated  by  bone  grafting 
and  extraoral  fixation.  The  grafts  survived  but  sequestra  developed  from  one- 
half  to  one  inch  around  the  pins.  Ulceration,  considered  to  be  due  to  elec¬ 
trolysis,  occurred  around  the  screws,  projecting  points,  and  soldered  connections 
in  the  intraoral  splint.  A  recording  galvanometer  indicated  potential  dif¬ 
ferences  of  40  to  50  mv,  with  surges  up  to  200  mv,  between  a  pin  and  a  splint 
while  in  position  in  the  patient.  In  one  case  where  there  existed  some  inflamma¬ 
tion  but  no  ulceration  the  potential  differences  were  5  to  10  mv.  In  seven  ad¬ 
ditional  cases  treated  by  using  acrylic  resin  junctions  and  stainless  steel  pins 
no  ulceration  or  necrosis  occurred. 

Since  1933  several  papers  have  appeared  in  which  are  described  cases  of 
stomatitis,  leukoplakia  and  oral  cancer  which  were  believed  to  have  been  caused 
by  electrogalvanic  action  of  dental  restorations.  One  must  admit  that  much  of 
the  evidence  presented  hardly  justifies  the  statement  that  electrolytic  action  of 
dental  restorations  was  the  undoubted  cause  of  the  pathological  conditions. 

Aasgaard*  reported  the  potential  differences  of  pairs  of  restorations  of 
various  kinds  measured  in  21  oral  cavities  with  a  vacuum-tube  voltmeter  of 
special  design.  Data  on  some  170  pairs  were  given.  The  largest,  950  mv,  was 
between  an  aluminum  splint  and  a  gold  crown;  the  next  largest, ’770  mv,  was 
between  two  amalgam  restorations.  The  average  of  the  potential  differences 
was  approximately  135  mv.  It  can  be  inferred  from  his  report  that  he  used 
platinum-iridium  tipped  probes  to  contact  the  restorations  and  that  the  restora¬ 
tions  were  wet  wdth  saliva  as  they  are  under  normal  oral  conditions. 

Aasgaard  also  reported  his  experience  with  a  patient  who  had  a  four-piece 
gold  bridge  and  two  large  amalgam  fillings  with  a  potential  difference  of  330 
mv  between  the  bridge  and  one  amalgam  filling.  Symptoms,  .such  as  irritation 
of  the  gingiva  and  the  tongue,  existed  and  the  patient  complained  of  pain  in  the 
tongue  and  in  the  palate.  When  the  two  amalgam  fillings  were  replaced  by 
baked  porcelain  the  pain  in  the  palate  disappeared  and  the  pain  in  the  tongue 
diminished.  The  gold  bridge  was  removed  and  an  amalgam  filling  was  found 
under  a  gold  crown.  When  this  amalgam  restoration  was  replaced  with  gold 
the  pain  disappeared,  the  tongue  regained  its  normal  appearance,  and  the  pa¬ 
tient  has  remained  without  symptoms  ever  since.  The  potential  difference  be¬ 
tween  two  gold  restorations  was  around  70  mv.  This  report  indicates  that  the 
galv’anic  electrical  effects  due  to  dissimilar  metallic  dental  restorations  may 
cause  pathologic  conditions  in  the  mouth. 

•Private  communication  to  Dr.  E.  S.  Lain  of  Oklahoma  City  from  G.  Aasgaard,  Bergen, 
Norway,  March  9,  1939. 
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Venable  and  Stuck®  reviewed  the  literature  concerning  the  use  of  metals 
in  the  fixation  of  fractures,  in  the  libation  of  vessels,  and  in  the  support  of  soft 
tissues.  They  state  that,  “brass,  carbon  steel,  nickel-plated  steel,  and  many 
other  metals  and  alloys  have  been  tried,  but  in  each  case  irritation  of  the  tissues, 
delayed  healing,  swelling,  and  sinus  formation  have  resulted.  These  phenomena, 
formerly  attributed  to  infection,  pressure  necrosis,  or  foreign-body  reaction, 
are  now  known  to  be  due  to  intense  electrolytic  reactions  caused  by  the  effects 
of  the  body  fluids  on  the  dissimilar  metals  contained  in  the  alloy.  .  .  .  Steel 
appliances  plated  with  nickel,  silver  or  copper  usually  caused  the  most  severe 
reactions  of  all.  The  plating  became  cracked  or  chipped  so  that  two  dissimilar 
metals  were  side  by  side  in  the  body  fluids.  There  was  much  electroactivity 
in  these  batteries  and  tissue  damage  and  bone  necrosis  inevitably  followed  .  .  . 
So  far,  we  know  of  only  three  metals  which  are  sufficiently  passive  for  use  in 
the  body,  vitallium,  tantalum,  and  18-8-SMo  stainless  steel,  and  of  these  vitallium 
is  the  only  one  which  appears  to  be  uniformly  inert.  ’  ’ 

BASIC  CONSIDERATIONS 

Several  possibilities  for  sources  of  electric  current  exist  in  an  oral  cavity 
containing  two  or  more  metallic  fillings.  First,  an  electric  cell  will  be  formed 
by  two  fillings,  one  gold  and  one  amalgam  for  example,  together  with  the  saliva 
which  is  an  electrolyte  wetting  the  exposed  surfaces  of  the  fillings.  Second, 
these  same  two  fillings  also  contact  the  bone  fluid  through  the  teeth.  Since  the 
bone  fluid  is  also  an  electrolyte,  it,  together  with  the  amalgam  and  gold  fillings, 
constitute  another  electric  cell.  Each  of  these  two  types  of  cells  has  the  direction 
of  its  e.m.f.  from  amalgam  to  gold  through  the  respective  electrolyte.  A  third 
type  of  possibility  for  an  electric  cell  exists.  Since  a  single  metallic  filling 
under  normal  oral  conditions  contacts  saliva  at  its  exposed  surface  and  bone 
fluid  down  in  the  tooth,  and  since  the  saliva  and  the  bone  fluid  are  in  contact 
through  the  tissues,  the  requirements  for  a  liquid- junction  cell  are  fulfilled. 
This  is  illustrated  in  Fig.  4. 

A  careful  survey  of  the  literature  reveals  that  in  no  instance  has  an  e.m.f. 
caused  by  dental  fillings,  or  the  resulting  normal  current  in  an  oral  cavity,  been 
measured,  and  that  in  no  instance  have  measurements  been  reported  from  which 
these  quantities  could  have  been  calculated. 


PURPOSE  OF  THIS  INVESTIGATION 


The  purpose  of  this  investigation  was  to  devise  methods,  including  the 
necessary  theory  and  apparatus,  for  determining  electromotive  forces,  electrical 
re.sistances,  and  electric  currents  associated  with  metallic  dental  fillings  in  place 
in  oral  cavities  under  normal  oral  conditions.  It  was  also  proposed  to  make 
such  determinations  on  a  large  group  of  persons  having  normal  mouths,  and 
to  make  measurements  in  as  many  pathologic  oral  cavities  as  might  become 
available. 


EXPERIMENTS 

Part  I.  Pairs  of  Metallic  Fillings. — Attempts  to  measure  the  electrical  po¬ 
tential  differences  between  pairs  of  fillings  wdth  a  standard  precision  poten¬ 
tiometer  having  a  sensitive  galvanometer  as  a  balance  indicator,  were  unsuc- 
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cessful  because  duplication  of  results  was  not  possible.  The  fillings  had  such 
small  areas  of  contact  with  the  saliva  and  the  bone  fluid  that  intolerable 
l)olarization  effects  were  caused  by  the  tiny  currents  required  for  the  galva¬ 
nometer.  It  was  necessary  to  devise  an  apparatus  which  required  the  fillings 
to  deliver  much  less  electric  charge  per  measurement. 


Flgr.  1. — Schematic  diagram  of  the  electric  circuit  for  the  condenser-balHstio-gaivanometer 
potentiai-difference  meter. 

k,  galvanometer  damping  key 
D,  damping  resistance 
O,  ballistic  galvanometer 
C,  a  one  mf  condenser 

Rt  or  Rt,  a  resistance  which  may  be  connected  to  probes  by  closing  switch  S 
K,  a  special  triple-contact  key  which  connects  Rt  and  C  to  probe  and,  on  release, 
connects  C  to  G 

A  schematic  diagram  of  such  an  apparatus  is  shown  in  Fig.  1.  This  ap¬ 
paratus  might  be  termed  a  condenser-ballistic-galvanometer  potential-difference 
meter.  It  does  not  require  a  continuous  current  for  its  operation,  as  did  the 
potentiometer  galvanometer.  G  is  a  Leeds  &  Northrop  Type  “P”  ballistic 
galvanometer  having  a  sensitivity  of  0.004  microcoulomb  per  mm.  deflection 
on  the  scale  which  was  50  cm.  from  the  mirror.  While  the  galvanometer  coil 
was  swinging  back  to  the  zero  position  it  was  damped  by  closing  the  auxiliary 
key  (k)  which  connected  a  critical  damping  resistance  (D)  across  its  terminals; 
this  made  it  possible  to  bring  the  galvanometer  coil  to  rest  quickly. 
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The  two  probes  which  contacted  the  two  fillings  were  connected  to  the 
terminals  marked  ‘‘to  probes.”  The  construction  of  a  platinum-tipped  probe 
is  shown  in  Fig.  2. 

When  the  triple-contact  key  {K,  Fig.  1)  was  depressed  it  connected  the 
probe  terminals  directly  across  the  condenser  (C)  through  contact  (P),  thus 
charging  the  condenser  which  was  a  high  grade  oil-filled  condenser  having  a 
capacitance  of  one  microfarad.  When  the  key  (/i)  was  relea.sed  to  the  position 
shown  in  Fig.  1,  the  charged  condenser  was  disconnected  from  one  probe  and 
then  connected  through  contact  {(f),  so  that  it  discharged  through  the  galva¬ 
nometer. 

When  it  was  desired  to  connect  a  resistor  {li^),  across  the  probes,  the 
switch  ((S’)  was  chxsed.  Then  when  the  key  (A')  was  depressed  the  resistor  (A^) 
was  connected  by  the  closing  of  the  contact  {h)  •,  this  occurred  before  the  con¬ 
denser  was  connected  by  tlie  closing  of  the  contact  (P).  When  the  key  was  re¬ 
leased  the  condenser  was  i.solatod  before  the  contact  {h)  opened;  had  this  not 
occurred  the  condenser  would  have  discharged  tlirough  instead  of  through 
the  galvanometer. 


A,  a  platinum  wire  sealed  with  plastic  cement 

B,  polystyrene  rod,  0.5  inch  in  diameter 

C,  copper  wire  sealed  with  piastic  cement 

D,  a  rubber  ga.sket  which  grips  K 

E,  shielded  lapel-microphone  cable,  polyethylene  insulation 

F,  flexible  copper  conductor  within  cable 

Preliminary  measurements  indicated  that  the  resistance  between  a  pair 
of  fillings  was  approximately  a  half  megohm.  It  requires  appreciable  time  to 
charge  a  1  mf  condenser  by  the  e.m.f.  generated  by  two  fillings,  through  a  total 
circuit  resistance  of  niegohm.  In  order  to  have  the  condenser  at  least  99  per 
cent  fully  charged,  it  was  necessary  to  keep  the  key  (A)  closed  for  five  seconds. 
It  was  convenient  to  observe  the  charging  time  on  a  .sweep  second-hand  electric 
clock. 

When  the  resistor  (A*)  was  connected,  the  two  fillings  had  to  supply  current 
through  it  as  well  as  to  charge  the  condenser.  Since  the  passage  of  current 
through  the  resistor  caused  polarization  effects  at  the  fillings  it  was  necessary 
to  reduce  this  current  as  much  as  possible.  Thus  the  polarization  could  be  re¬ 
duced  by  increasing  A*  and  decreasing  C.  On  the  other  hand,  each  of  these 
changes  decreased  the  accuracy  of  the  measurements.  Experience  showed  that 
a  good  compromise  occurred  when  C  was  1  mf  and  A,  was  1  megohm.  The 
charging  current  for  the  condenser  (C)  was  so  small  and  lasted  such  a  short 
time  that  fairly  satisfactory  reproduction  of  data  was  possible. 
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This  condenser-ballistic-galvanometer  potential  difference  measuring  ap¬ 
paratus  was  calibrated  by  connecting  known  potential  differences,  varying 
from  10  to  1000  mv,  to  the  probe  terminals.  It  w'as  found  that  the  deflection 
of  the  ballistic  galvanometer  was  directly  proportional  to  the  applied  potential 
difference  and  that  the  deflection  to  the  right  was  the  same  as  the  deflection  to 
the  left  for  the  same  potential  difference.  The  sensitivity  of  the  instrument  was 
found  to  be  3.3  mv  per  mm.  deflection. 

Experimental  Procedure. — Students  in  the  School  of  Medicine,  and  nui’ses, 
both  graduate  and  undergraduate,  served  as  “normal”  subjects.  Their  ages 
ranged  from  18  to  30.  A  small  number  of  older  people  also  served  as  subjects. 
Gold  fillings  were  found  to  be  relatively  scarce,  especially  in  the  mouths  of  the 
younger  men  and  women. 


Fig.  3. — Circuit  for  measuring  the  e.ni.f.  caused  by  the  action  of  the  bone  fluid  on  two 
flilings. 

G,  a  gold  alloy  restoration 
A,  a  silver  amalgam  restoration 

e,  e.m.f.  due  to  contacts  of  G  and  A  with  the  bone  fluid 

V;,  the  potential  difference  indicated  by  a  meter  which  does  not  require  a  con¬ 
tinuous  current.  Since  no  current  exists,  e  =  V/ 

P,  two  platinum-tipped  probes  which  make  electrical  contacts  with  the  restoration 


It  was  of  greatest  interest  to  locate  the  largest  existing  electrical  effects  in 
each  of  the  mouths  studied.  Since  it  was  necessary  to  repeat  measurements 
of  potential  differences  in  order  to  be  certain  of  reproducible  results,  only  a  few 
pairs  of  fillings  could  be  studied  in  any  one  mouth  in  an  hour.  Preliminary 
measurements  of  V,,  the  potential  differences  between  pairs  of  saliva-wet  fillings, 
were  made  on  various  pairs  of  fillings  in  an  oral  cavity,  and  those  pairs  were 
selected  which  exhibited  the  greatest  potential  differences.  Some  pairs  ex¬ 
hibited  nearly  zero  potential  difference. 

The  electrical  measurements  were  carried  out  with  the  subject  sitting  in 
a  reclined  position  in  a  barber  chair.  The  two  platinum-tipped  probes  were 
pressed  firmly  against  the  pair  of  fillings  by  one  research  assistant  while  all 
the  teeth  were  wet  with  saliva.  The  second  research  as.sistant  pressed  down 
the  key  {K,  Fig.  1)  for  five  seconds,  released  it,  and  read  and  recorded  the 
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deflection  of  the  galvanometer.  This  result  was  checked  by  making  one  or 
more  additional  determinations.  From  this  galvanometer  reading  the  potential 
difference  F,  was  later  computed. 

Next  one  oral  pack  (or  two  if  necessary)  was  put  in  place,  the  two  teeth 
were  carefully  swabbed  with  95  per  cent  ethyl  alcohol,  and  air  Avas  blown  on 
both  teeth.  The  potential  difference  of  the  dry  fillings  in  the  dry  teeth  was 
measured  as  described  above.  This  potential  difference  is  designated  V,  (Fig. 
3).  The  switch  (S,  Fig.  1)  wa.s  closed  and  the  potential  difference  of  the  two 
fillings,  when  connected  by  a  1  megohm  resistor  (Hi),  was  determined.  This 
potential  difference  is  designated  1%.  Each  measurement  was  repeated  in 
order  to  check  the  work  and  also  to  learn  whether  too  great  a  polarization  had 
occurred;  if  this  did  occur  then  reproducible  results  were  not  obtainable. 

This  same  procedure  was  repeated  for  one  or  more  additional  pairs  of 
fillings  in  the  mouth  of  this  same  subject.  In  some  eases  it  was  necessary  to 
swab  a  pair  of  teeth  several  times  and  to  blow  air  on  them  from  time  to  time 
in  order  to  keep  them  drj’.  Occasionally  it  was  found  impossible  to  keep  the 
desired  teeth  sufficiently  dry,  in  which  case  they  were  abandoned  and  another 
pair  was  selected. 

Other  data  concerning  the  subject  were  also  obtained  and  these  together 
with  the  three  galvanometer  deflections  were  recorded  on  a  report  form.  This 
form  included  blanks  for  serial  number  of  subject,  date,  name,  age,  sex,  address, 
phone  number,  date  and  nature  of  last  illness,  pH  of  the  subject’s  saliva,  and 
pertinent  information  concerning  past  lesions  in  the  subject’s  mouth.  On  a 
conventional  chart  of  the  teeth  the  locations  of  all  fillings  and  all  missing  teeth 
were  marked.  Each  pair  of  fillings  which  was  studied  was  connected  with  a 
line  which  in  turn  was  numbered.  For  each  pair  the  electrically  positive  filling 
was  marked  with  a  plus  sign.  The  approximate  ages  of  the  fillings  were  also 
indicated.  On  the  reverse  side  of  the  form  were  four  columns  headed;  Pair 
Number,  F„  V„  and  1%;  here  the  observed  galvanometer  deflections  were  re¬ 
corded.  The  probes  were  so  placed  that  V,  always  gave  a  deflection  to  the 
right;  if  any  of  the  other  deflections  were  to  the  left  this  was  indicated  by 
the  use  of  a  minus  sign  in  the  recorded  deflection. 

Results  (Part  I). — Since  the  teeth  were  dry  the  potential  difference  V, 
(Fig.  3)  was  the  e.m.f.  (e)  caused  by  the  action  of  the  bone  fluid  on  the  two 
fillings,  i.e., 

e  =  V.. 

The  resistor  was  connected  from  one  probe  conductor  to  the  other  (by 
closing  switch  S,  Fig.  1),  thus  closing  the  electric  circuit.  Since  Rt  was  of 
the  order  of  1  megohm  (1,000,000  ohms)  whereas  the  resistance  of  the  two 
probe-conductors  was  only  a  fraction  of  1  ohm,  the  entire  electrical  resi.stance 
in  the  circuit  could  be  considered  as  Rt  +  Rb,  where  Rb  was  the  unknown  resist¬ 
ance  between  the  two  fillings  through  the  bone  fluid.  Ohm’s  laws  apply  to  this 
single-path  circuit ;  they  yield  the  two  equations : 

i,  =  V^R^  and  i,  =  e/(R,  +  Rb), 
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where  V,  is  the  measured  potential  difference  between  the  two  prol)es,  i.e., 
across  Rt,  and  i*  is  the  current  through  ft,  and  the  bone  fluid. 

These  three  equations  may  be  solved  for  the  resistance  through  the  bone 
fluid  in  tenus  of  the  measured  and  known  quantities.  Thus: 

Rb  =  R,  (Vyv,  -  1). 

In  the  early  work  many  data  were  found  to  be  useless  because  of  excessive 
polarization  effects  which  were  caused  by  tbe  use  of  too  large  a  condenser  (C) 
or  too  low  a  re.sistance  ft*.  Also  the  proper  technique  and  care  in  drying  the 
teeth  had  not  been  perfected.  In  the  later  work  some  data  were  rendered  use¬ 
less  because  of  excessively  rapid  polarization  effects  for  tiny  fillings  in  some 
subjects.  Usable  data  were  obtained  on  213  pairs  of  fillings  in  137  subjects 
having  “normal”  mouths.  These  results  are  summarized  in  Table  I. 


Table  I 

Summary  ok  Results  for  Pairs  of  Fillings 


137  INDIVIDUALS 

AMAIXIAM 

GOLD 

GOLD 

84  MALE ;  53  FEMALE 

AMALGAM 

AMALGAM 

GOLD 

125  Pairs  Male 

83 

32 

10 

88  Pairs  Female 

72 

13 

3 

213  Pairs  Total 

155 

45 

1  13 

AVERAGE  VALUES 

MALE 

FEMALE 

MALE 

FEMAT.E 

MALE 

FEMAI.E 

Potential  difference 

142 

162 

207 

271 

63 

91 

wet,  V,  mv 

Bone  fluid  e.m.f.,  e 

positive  mv 

147(80)* 

156(69) 

215 

271 

65 

101  • 

negative  mv 

41(3) 

30.5(3) 

— 

— 

— 

— 

Bone  fluid  resistance 

Rb  megohms 

1.30 

1.32 

0.465 

0.89 

0.85 

0.82 

♦Number  in  parentheses  means  number  of  pairs  of  restorations.  Positive  direction  is  the 
same  as  that  of  potential  difference  Vi. 


The  two  greatest  observed  potential  differences  (U,)  of  pairs  of  fillings 
when  wet  with  saliva  were  564  and  511  mv.  There  were  six  others  above  400 
mv.  The  two  greatest  observed  e.m.f.’s  (c)  caused  by  the  bone  fluid  were  560 
and  510  mv.  There  were  five  others  above  400  mv. 

The  pH  of  each  saliva  was  determined  with  a  paper  indicator,  the  observed 
values  ranging  from  6.2  to  7.4.  None  of  the  electrical  quantities  indicated  any 
dependence  on  the  pH  of  the  saliva. 

Nearly  all  the  subjects  fell  in  tbe  18  to  30  age  range  but  there  were  some 
in  the  35  to  60  range.  There  was  no  indication  of  a  dependence  of  the  electrical 
quantities  on  age.  It  also  appears  that  there  w’as  no  significant  dependence 
on  sex. 

Five  subjects  had  severe  pathologic  conditions  in  their  mouths;  one  had 
a  large  white  patch  on  the  cheek.  Six  pairs  of  fillings  were  studied  in  the 
mouths  of  three  of  the  patients.  These  yielded  potential  differences  (V,)  and 
bone  fluid  e.m.f.’s  (e)  which  were  2  to  3  times  the  average  for  normal  subjects. 
How’ever,  a  number  of  subjects  having  apparently  normal  oral  cavities  yielded 
values  of  these  quantities  which  were  even  larger.  The  other  two  patients 
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yielded  values  which  were  about  half  the  average  values  obtained  from  normal 
subjects.  There  was  no  convincing  evidence  that  any  of  the  lesions  were 
caused  by  the  dental  restorations. 

A  study  of  the  records  did  not  indicate  any  connection  between  recent 
illne.ss  and  the  magnitudes  of  the  measured  electrical  quantities.  The  same 
was  true  for  subjects  who  reported  occasional  lesions  occurring  in  their  mouths. 

An  important  fact  was  established  by  examining  the  results  obtained  in 
oral  cavities  in  each  of  which  two  or  more  suitable  pairs  of  fillings  were  studied. 
The  three  types  of  pail’s  chosen  were:  (1)  The  two  teeth  were  adjacent  or  very 
near  each  other  in  the  same  jaw;  (2)  the  two  teeth  were  in  the  same  jaw  but 
across  the  mouth  from  each  other;  (3)  the  two  teeth  were  across  the  mouth 
from  each  other  but  one  was  above  and  the  other  below.  More  than  20  cases 


Bv*  ••I*'-* -•V**»»vX** ***»***••*'■ 


:;Bone  Fluid:; 


Fig.  4. — An  electrical  current  results  when  a  single  metallic  dental  filling  contacts  the  two 
electrolytes,  .saliva  and  bone  fiuid,  which  are  themselves  in  contact. 

A,  an  amalgam  filling  contacting  saliva  above  and  bone  fiuid  below 

Net  e.m.f.  in  the  circuit  is  the  algebraic  sum  of  cas,  cab,  and  ess,  the  e.m.f.’s 
generated  at  the  metal-saliva,  metal-bone  fiuid,  and  bone  fiuld-saliva  contacts. 
I,  shows  the  direction  of  the  net  e.m.f.  and  the  resulting  electric  current 


of  each  of  these  types  were  found  among  our  data.  The  average  value  of  the 
resistances  through  the  bone  {Hb)  was  calculated  for  each  of  the  three  types 
of  pairs.  These  three  average  values  indicated  that  the  resistance  between  a 
pair  of  fillings  under  normal  oral  conditions  is  independent  of  how  far  apart 
they  are  in  the  mouth.  In  fact,  in  several  cases  the  higher  resistance  was 
associated  with  two  fillings  that  were  nearest  each  other.  This  confirms  the 
long-known  fact  that  the  resistance  betw^een  .small  electrodes  immersed  in  a 
large  body  of  electrolyte  is  concentrated  almost  entirely  in  and  very  near  the 
electrode-electrolyte  contacts.  Thus  it  is  evident  that  the  electrical  resistance 
associated  wdth  a  filling  in  a  tooth  is  concentrated  in  and  very  near  the  metal- 
saliva  and  the  metal-bone  fluid  contacts.  That  part  of  the  resistance  out  in 
the  bone  and  the  tissues  is  negligible  in  comparison. 

Part  II.  Phenomena  Associated  With  Single  Fillings. — 

Fundamental  considerations. — "When  a  piece  of  metal  contacts  two  differ¬ 
ent  electrolytes  and  these  two  electrolytes  contact  each  other,  through  a  porous 
substance  for  example,  then  a  net  e.m.f.  exists  in  that  circuit  and  an  electric 
current  pa.s.ses  through  the  metal  and  through  the  electrolytes. 
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In  Fif?.  4  is  shown  an  amalgam  filling  which  contacts  both  of  the  elec¬ 
trolytes,  saliva,  and  bone  fluid.  Since  the  saliva  and  the  bone  fluid  are  also 
in  contact  through  tissue,  one  would  expect  an  electric  current  through  the 
filling  as  is  indicated  by  I  in  F’ig.  4. 

Fig.  5  shows  the  electric  circuit  which  is  equivalent  to  that  associated  with 
an  amalgam  filling  in  an  oral  cavity  containing  three  other  fillings.  The  signifi¬ 
cant  experimental  fact  stated  above,  that  the  resistances  are  concentrated  at 
and  near  the  metal-electrolyte  contacts,  makes  this  equivalent  circuit  relatively 
simple.  The  resistance  and  e.m.f.  of  the  amalgam-saliva  contact  are  indicated 
respectively  as  Ras  and  Bas,  and  those  of  the  amalgam-bone  fluid  contact  as 
Rah  and  Bab-  The  e.m.f.  of  the  bone  fluid-saliva  contact  is  shown  as  Baa-  This 
last  contact  and  the  path  through  the  saliva  and  bone  fluid  have  relatively 
negligible  resistances. 


Fig.  5. — Possible  electrical  phenomena  associated  with  an  amalgam  dental  filling  in  an 
oral  cavity  having  tliree  other  fillings. 

A,  an  amalgam  dental  filling 

eAB  and  cab,  the  e.m.f.’s  of  the  amalgam-saliva  and  amalgam-bone  fiuid  contacts 

BBS,  the  e.m.f.  of  the  saliva-bone  fiuid  contact 

Ras  and  Rab,  the  resistances  of  the  amaigam-.saiiva  and  amalgam-bone  fluid  con¬ 
tacts 

ii  electric  current  caused  by  CAM-eBs-eAB. 

it,  i>,  and  u,  currents  caused  by  three  other  fillings  in  the  same  mouth 

/  =  ii  -  it  +  h  +  h,  the  net  current  through  the  filling  d 

Also  in  Fig.  5  are  shown  three  other  currents  h,  ij  and  ii  which  may  pass 
through  the  filling.  Each  of  these  currents  may  be  caused  by  *1  and  another 
filling  in  that  mouth,  acting  as  a  pair  of  fillings  in  accord  with  the  findings  in 
Part  I  of  this  paper.  Thus,  the  total  net  current  (/)  which  pas.ses  up  through 
A  is  the  algebraic  sum  of  the  individual  currents.  Therefore : 

I  =  i,  -  ij  +  i,  +  i, 

Obviously  if  any  number  (iV)  other  fillings  exist  in  that  oral  cavity,  I  is  the 
algebraic  sum  of  i,  and  the  N  other  resulting  currents  (if  they  exist). 

Around  any  closed  path  in  an  electrical  network  the  sum  of  the  electrical 
potential  drops  must  equal  the  sum  of  the  electrical  potential  rises  (Kirchhoff’s 
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Law).  The  closed  loop  marked  i,  in  Fig.  5  is  along  such  a  closed  path.  Thus 
it  is  possible  to  write  the  following  equation :  i 

RaS^  +  RabI  +  +  ®AB  =  Cas 

This  may  be  solved  for  7,  thus : 

I  (®A8  “  ®B8  ~  ®Ab)/(Ra8  +  Rab) 

It  is  evident  that  the  net  e.m.f.  in  the  closed  path  is  Bas  -  (rh  -  ^ab;  that  the 
total  resistance  in  that  path  is  Rar  +  Rab;  and  that  I  is  the  total  (or  net) 
current  that  passes  through  the  filling. 

It  is  also  clear  that  Ras  and  depend  only  on  the  natures  of  the  filling 
and  the  saliva;  that  Rab  and  depend  only  on  the  natures  of  the  filling  and 
the  bone  fluid;  that  ens  depends  only  on  the  natures  of  the  saliva  and  the  bone 
fluid;  and  that  none  of  these  depends  on  the  presence  or  absence  of  other  fillings 
in  that  oral  cavity. 


Fig-.  6. — The  use  of  the  auxiliary  electrode  for  measuring  Vi  and  Vt  of  Part  II. 

A,  an  amalgam  Ailing 

P,  a  platinum-tipped  probe  which  contacts  the  metal  Ailing 
Pa,  a  large  auxiliary  platinum  electrode  which  contacts  the  saliva 
Vi,  the  potential  difference  indicated  by  a  meter  which  requires  no  continuous 
current 

Thus  the  magnitude  of  the  electric  current  through  any  metallic  dental 
filling  is  independent  of  the  number  of  fillings  in  that  oral  cavity,  provided 
that  particular  filling  does  not  make  contact  with  another  metallic  filling.  The 
magnitude  of  this  current  is  given  by  the  last  equation  above.  This  conclusion 
would  be  exact  if  the  saliva  and  bone  fluid  had  exactly  zero  resistance.  Their 
resistance  is  not  zero,  but  it  is  very  small  compared  to  Ras  and  Rab-  Thus 
the  conclusion  above  states  a  very  close  approximation  to  the  actual  situation 
in  an  oral  cavity. 

Theory  for  Determining  the  Desired  Electrical  Quantities  (Part  II). — Fig. 
4  shows  the  current  I  which  might  pass  through  a  metallic  Ailing  if  that  were 
the  only  filling  in  that  oral  cavity.  If  other  fillings  are  present  the  current 
through  the  filling  tentatively  may  be  represented  by  7  as  shown  in  Fig.  5. 
It  is  possible  by  indirect  means  to  make  determinations  of  the  net  e.m.f.,  the 
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current  and  the  contact  resistances.  The  theory  for  these  measurements  will 
now  be  developed.  In  this  development  it  will  be  a.ssumed  that  an  instrument 
is  available  with  which  electrical  potential  differences  may  be  mea.sured,  without 
drawing  any  continuous  current  from  the  filling.  It  will  also  be  a.ssumed  that 
it  is  possible  to  keep  the  tooth  entirely  free  of  saliva,  and  that  it  is  pos.sible 
to  contact  only  the  filling  with  a  tiny  drop  of  saliva  so  as  to  leave  a  dry  ring 
of  enamel  entirely  around  the  wetted  filling. 

In  Fig.  6  is  depicted  a  tooth  which  has  been  well  dried  and  which  contacts 
the  bone  fluid  at  its  buried  surface.  The  potential  difference  meter  is  showm 
connected  to  the  filling  through  the  platinum-tipped  probe  (P),  and  to  the 
saliva  through  the  large  auxiliary  electrode  Ps.  l^et  cab,  and  esp  represent 
the  e.m.f.’s  generated  respectively  at  the  amalgam-bone  fluid,  bone  fluid-saliva 
and  saliva-platinum  contacts.  Since  the  meter  uses  no  current,  the  potential 
difference  V,  which  it  indicates,  is  the  net  e.m.f.  in  that  circuit.  Therefore: 

V,  ~  6*8  +  Cb8  +  Cgp  _  _  -  -  -  -  [1] 


Fig.  7. — The  use  of  the  saliva  probe  and  the  auxiliary  electrode  for  mea.suring  Vj  and  V« 
of  Part  II. 

A,  an  amalgam  Ailing 

Pe,  an  auxiliary  platinum  electrode 

Pp,  a  platinum  probe  which  makes  an  electrical  contact  with  the  Ailing  through 
a  tiny  drop  of  saliva. 

I’j,  the  potential  difference  indicated  by  a  meter  which  requires  no  continuous 
current 

When  a  resistor  Ri  is  connected  from  the  probe  to  the  auxiliary  electrode  the 
e.m.f.  in  the  circuit  causes  a  current  to  pass  through  the  resistor.  Ohm  s  laws 
apply  to  this  single-path  circuit  and  yield  the  equations: 


V,  =  R,  i,  _______________  [21 

and 

ij  —  (^AB  +  ^B8  +  ®»p)/(Rab  +  Ri  +  R  ps)  _  _  _  _  [3] 


where  Rab  and  Rps  are  the  resistances  respectively  of  the  amalgam-bone  fluid 
and  the  platinum-saliva  contacts.  (It  was  shown  in  Part  I  that  almost  the 
entire  resistance  exists  at  the  metal-electrolyte  contacts.) 
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In  7  is  shown  the  same  setup  as  in  hMff.  6  except  that  the  platinum- 
tipped  probe  now  does  not  contact  the  metallic  fillinff  directly  hut  does  make 
electrical  contact  with  it  throujih  a  tiny  drop  of  saliva;  the  enamel  surrounding 
the  filling  is  kept  dry.  Here  again  the  potential  difference  meter  indicates 
(V3)  the  net  e.m.f.  in  that  circuit.  Thus: 

^  a  —  Cab  +  Cbs  +  Csp  “  Cps  +  Csa  -  --  --  -[4] 

where  €ps  and  P5.4  are  respectively  the  e.m.f. 's  generated  at  the  prohe-saliva 
and  the  saliva-amalgam  contacts. 

When  a  resistor  lit  connects  the  auxiliary  electrode  and  the  saliva-probe 
electrode  a  current  pas.ses  through  the  resistor.  Here  again  Ohm’s  laws 
apply  and  yield  the  equations: 


V,  =  R,  i,  [5] 

I4  —  (Cab  +  Cbs  +  Cjip  -  epg  +  +  Rpa  +  K,  f  R|.|.  +  Rab)  -  -  [^5| 


where  Hpp  and  Ras  are  respectively  the  resistam-es  of  the  probe-saliva  and 
amalgam-saliva  contacts. 

The  current  in  the  normal  oral  cavity  is  shown  in  h'igs.  4  and  f)  and  is 
given  by: 


I  -  (CaB  +  CbS  +  eSA)/(RAB  +  Kas)  -  -  -  -  -  -  [<] 

The  e.m.f.,  which  may  be  introduced  by  the  auxiliary  electrode  and  the 
.saliva-wet  probe,  occurs  in  equation  [4]  as  (cse  -  €ps).  This  can  be  mea.sured 
directly  by  inserting  the  probe  in  the  saliva  near  the  auxiliary  electrode  in 
the  mouth  and  measuring  the  resulting  potential  difference  Vp  with  the  meter. 
Thus: 


\  p  —  Cgp  -  Cps  ______  [8] 

The  magnitudes  of  the  saliva-probe  and  the  saliva-electrode  resistances, 
lipp  and  Rps,  can  be  measured  by  a  special  electric  circuit  which  will  be  de¬ 
scribed  in  the  next  section.  For  the  present  development  these  two  resistances 
will  be  considered  to  be  known  quantities. 

These  eight  independent  equations  state  relations  involving  the  unknown 
(piantities,  Rau,  Ras,  «et  e.m.f.,  I,  (esp  ~  eps),  c»p,  h,  and  ii,  and  the  measured 
and  known  quantities  V„  V,,  4",,  Vp,  R^,  Ri,  Rpa,  and  Rpp.  The  solutions 
of  these  equations  for  the  desired  electrical  quantities,  Rab,  Ras,  net  e.m.f., 


and  /  are: 

Rab  =  (V./V,  -  1)  R,  -  Rpg  . . .  _  _  _  [9] 

Rah  —  (^  »/^ «  “  1)  Ra  ~  Rab  “  Rps  “  Rpp  ______  [10] 

( In  the  calculations  the  numerical  value  of  Rab  from  [9]  would  be  used  in  [10].) 

Net  e.m.f.  =  V,  -  Vp  _  _  _  _  _  _  _  _  [11] 

I  =  (V,  -  Vp)/(R,,B  +  Rab)  ______  [12] 


(In  the  calculations,  values  from  [9]  and  [10]  would  be  used  for  Rab  and 
Ras-) 
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\miil)er  2  — 

It  ah  is  the  resistance  of  the  nietal-lmne  fluid  contact  of  the  Ailing. 

Hah  is  the  resistance  of  the  metal-saliva  contact  of  the  flilin;;. 

Xet  e.ni.f.  is  the  alfjebraic  sum  of  the  e.m.f.  s  jjenerated  at  the  metal-lame 
fluid,  metal-saliva  and  hone  fluid-saliva  contacts. 

I  is  the  electric  current  which  passes  through  a  metallic  filling  in  an  oral 
cavity  under  ordinary  oral  conditions,  regardless  of  the  number  and  kinds  of 
other  fillings  in  that  oral  cavity. 

ApjHiratus  (Part  II). — The  condenser-ballistic-galvanometer  potential-dif¬ 
ference  meter,  described  in  Part  I,  was  used  for  many  mea.surements.  How¬ 
ever,  it  was  found  that  the  1-mf  condenser  took  so  long  to  charge  (5  sec)  that 
the  current  through  the  resistor  {lit  or  H^)  often  caused  intolerable  polarization 
effects.  These  were  indicated  by  the  lack  of  reproducibility  of  the  potential 
difference  measurements  when  the  resistor  (/f,  or  Hi)  was  being  used.  In 
fact,  the  reproducibility  of  the  measurements  made  on  .single  fillings  was  much 
p(H)rer  than  that  found  in  Part  I  where  the  apparatus  was  used  with  pairs  of 
fillings.  A  smaller  condenser  would  have  used  less  charge  and  would  have 
had  a  shorter  charging  time,  but  a  sufficiently  small  condenser  would  not  take 
enough  charge  to  operate  even  a  very  sensitive  ballistic  galvanometer. 

This  difficulty  was  overcome  by  designing  and  constructing  what  is  es.sen- 
tially  a  direct  current  amplifier  which  uses  the  re<‘ently  developed  Victoreen 
.'iHOS  electrometer  tube.  With  this  tube  a  condenser  of  only  0.01  mf  is  required, 
for  which  the  charging  time  is  only  a  small  fraction  of  a  second.  This  short 
closed-circuit  time  made  it  possible  to  use  a  0.25  megohm  resistor  for  /?*  and 
Hi,  and  thus  to  increase  the  accuracy  of  the  resistance  determinations.  This 
electrometer  apparatus  required  a  very  highly  insulated  quadruple-contact 
key,  two  veiw*  highly  insulated  switches,  highly  insulated  wires  in  the  grid 
circuit,  and  a  polystyrene  base  for  the  electrometer  tube.  Polystyrene  rods 
and  amphenol  sheets  and  tubes  furnished  sufficiently  good  insulation.  The 
steady  deflections  w’ere  indicated  on  a  Leeds  &  Northrup  Type  “P”  gal¬ 
vanometer.  A  circuit  for  calibrating  the  meter  at  hundred-mv  intervals  up 
to  600  mv,  and  at  800,  1000,  1200,  and  1400  mv,  was  incorporated  in  the  instru¬ 
ment.  This  instrument  is  entirely  battery  operated,  and,  after  a  warm-up 
period  of  a  half  hour,  retains  its  “zero”  and  calibration  for  several  hours 
without  ad.iustment.  It  will  be  descril>ed  in  detail  in  a  separate  i>ublication. 
All  potential  difference  measurements  were  made  with  this  vacuum-tube  elec¬ 
trometer  apparatus. 

The  platinum-tipped  probe  used  for  contacting  the  fillings  for  the  potential 
difference  measurements  V,  and  V,  as  indicated  in  Fig.  6  was  the  same  proln' 
that  was  used  in  the  experimental  work  described  in  Part  I;  its  construction 
is  show  n  in  Fig.  2. 

The  construction  of  the  tip  of  the  saliva  probe  used  in  the  measurements 
of  r,  and  Vi  as  indicated  in  Fig.  7,  is  shown  in  Fig.  8.  The  tip  of  this  probe 
was  dipped  into  the  saliva  in  the  mouth  and  then  touched  to  the  metallic  filling 
so  that  the  polystyrene  pin,  Pj,  rested  on  the  filling.  The  15  wdres  made  a 
large  area  of  contact  with  the  tiny  drop  of  saliva  which  was  held  by  surface 
tension  and  which  also  was  in  contact  with  the  filling. 
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It  was  necessary  to  liavc  the  leads  to  each  of  these  probes  and  to  the 
auxiliary  electrode  exceedingly  well  insulated,  and  well  shielded  with  a 
grounded  metal  sleeve.  Shielded  lapel-microphone  cable  having  polyethelene 
insulation  was  found  to  he  entirely  satisfactory. 

The  auxiliary  electrode,  Ps,  iu  Figs.  6  and  7,  was  made  of  4  inches  of  */iti 
inch  diameter  platinum  wire.  A  21/2  inch  length  of  this  wire  was  wound  into 
a  tight  flat  spiral,  the  outside  turn  of  which  had  a  diameter  of  V2  inch;  the 
remainder  served  as  a  lead  out  of  the  mouth  where  it  joined  the  flexible  copper 
lead  in  the  shielded  microphone  cable.  This  junction  was  covered  with  gum- 
rubber  tubing  which  was  cemented  to  the  platinum  and  to  the  cable  with  gum- 
rubber  cement.  This  spiral  electrode  was  i)laced  in  the  saliva  under  the  tongue 
at  the  side  of  the  mouth. 


Fig.  8. — Construction  of  the  tip  of  the  saliva  probe  used  for  making  a  saliva  contact 
with  the  metal  Ailing  while  leaving  a  ring  of  dry  enamel  surrounding  the  Ailing 

IV/,  0.054  inch  platinum  wire 

IVt  and  Wj,  0.010  inch  platinum  wire 

Pi,  tapered  end  of  half-inch  polystyrene  rod ;  this  handle  is  like  that  for  the 
probe  described  in  Part  I 

Pt,  a  polystyrene  washer 

Pt,  a  0.035  inch  polystyrene  pin  which  contacts  the  dental  Ailing. 

The  circuit  for  measuring  the  resistance  Rps  of  a  spiral  auxiliary-elec¬ 
trode-saliva  contact  is  shown  by  the  schematic  diagram.  Fig.  9.  Two  exactly 
similar  spiral  electrodes  were  immersed  in  the  saliva  under  the  tongue  in  a 
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subject’s  mouth.  Since  there  were  two  electrode-saliva  contacts  the  resistance 
between  the  two  through  the  saliva  was  h'or  this  circuit  it  is  possible 

to  write  three  independent  eipiations.  These  are: 


R„io  =  V  [131 

Rbib  +  R.(ib  -  io)  =  Ph  [14] 

SRi-gio  +  Ro>o  ~  R*(ib  “  io)  =  Po  -  -  -  -  -  -  [t5] 


Substituting  for  p,  and  it,  in  equation  IIT)]  from  ecpiations  [13]  and  [14], 
we  have: 

2VRp8  =  R.R„eb/(R.  +  R„)  -  R„V  +  R.n7(R.  +  Rb)  -  R.V  +  R„e„  _  .  [16] 

If  the  reversing  switch  in  Fig.  9  is  revei’sed  then  all  currents  will  he  reversed, 
all  resistances  will  remain  the  same,  and  Co  will  not  change  in  magnitude  or 
direction  becau.se  it  depends  only  on  the  natures  of  the  two  electrodes  and  the 
saliva.  Con.sequently  an  equation  exactly  like  [16]  will  result  except  that 
the  last  term,  CoJio,  will  he  negative. 

If  V  and  V'  are  the  observed  values  of  the  potential  differences  for  the 
two  positions  of  the  reversing  switch,  the  addition  of  the  two  equations  like 
[16]  eliminates  the  term  containing  the  e.m.f.  eo  of  the  electrodes.  The  result¬ 
ing  equation  is: 

2Rp.  =  2  R.Roe,/(V  +  V')(R.  +  Rb)  -  Ro  -  R.  +  R.V(R.  +  Rb)  -  -  [17] 

Since  Ro  was  0.25  megohm,  whereas  Ra  was  300  ohms  and  Ri,  was  approximately 
1200  ohms,  the  last  two  terms  are  very  small  compared  to  the  first  two  on  the 
right  hand  side  of  the  equation  [17].  These  last  two  terms  therefore  may  be 
neglected.  The  resulting  equation  is : 

Rp8  =  R.  Pb  Ro/(V  +  V')(R.  +  Rb)  -  0.5  Ro  ------  [18] 

Ra,  Rb,  and  Cb  were  adjusted  so  that  the  term,  Ra^b/  {Ra  +  Rb)  was  300  mv. 
Thus  the  resistance  Rps  of  a  spiral  electrode-saliva  contact  was  given  by  equa¬ 
tion  [18]  when  V  and  V'  were  expressed  in  millivolts. 

The  resistance  Rgp  of  a  saliva-probe  contact  (Fig.  8)  was  measured  with 
this  .same  apparatus. 

Experimental  Procedure  (Part  II). — Students  in  the  School  of  Medicine, 
and  graduate  and  student  nurses,  all  in  the  18  to  30  year  age  group,  served 
as  subjects  in  this  study  of  electrical  phenomena  associated  with  single  metallic 
fillings.  Apparently,  all  had  normal  oral  cavities. 

Since  it  was  necessary  to  maintain  a  ring  of  dry  enamel  entirely  around 
each  filling  in  the  measurements  depicted  in  Fig.  7  (both  without  and  with 
Ri)  in  w'hich  only  the  filling  made  a  saliva  contact  with  a  platinum  probe, 
those  fillings  were  selected  which  w’ere  situated  near  the  centers  of  the  teeth. 

Each  potential-difference  measurement  was  repeated  four  times.  This 
was  feasible  because  of  the  rapidity  with  which  the  vacuum-tube  electrometer 
could  be  operated.  This  repetition  made  it  possible  to  detect  polarization 
effects  since  these  made  reproduction  of  results  impossible.  Verj’  little  diffi¬ 
culty  with  polarization  effects  was  encountered,  but  the  inability  to  keep  a 
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rill"  of  dry  enamel  entirely  around  a  filliii",  while  measuring  V,  and  (Fifj. 
7),  did  cause  the  diseardiiif;  of  many  sets  of  data.  It  just  was  not  possible  to 
find  one  or  more  ideally  located  filliiifrs  in  each  oral  cavity. 

Since  polarization  effects  were  irsually  neglifiihle  when  the  vaeuuni-tuhe 
electrometer  was  employed  to  measure  the  potential  differences,  the  order  of 
taking  the  potential  differences  was  V'„  Vj,  1%,  and  F,,  and  T/..  If  a  second 
filling  in  that  oral  cavity  was  investigated,  measurements  of  V/.  were  not  made 
again  since  it  was  found  that  they  duplicated  those  made  after  the  mea.sure- 
ments  on  the  first  tooth. 

The  electrical  measurements  were  carried  out  with  the  subject  in  a  reclined 
position  in  a  barber  chair.  The  platinum  spiral  auxiliary  electrode  Ps  was 
placed  under  and  to  the  side  of  the  subject’s  tongue.  An  oral  pack  was  put 
in  place  and  the  selected  tooth,  together  with  the  adjacent  teeth,  were  dried 
carefully  with  the  ethyl-alcohol-air-blast  method  described  in  Part  I.  While 
one  research  assistant  pres.sed  the  platinum-tipped  probe  (P)  (Fig.  6)  on  the 
filling,  the  second  assistant  pressed  the  quadruple-contact  key  of  the  vacuum- 
tube  electrometer,  relea.sed  it  immediately,  and  read  and  recorded  the  steady 
deflections  of  the  galvanometer.  This  measurement  was  repeated  3  more  times. 


Fijf.  9. — Schematic  diagram  of  the  electric  circuit  used  to  measure  the  resistances  in¬ 
troduced  by  the  auxiiiary  eiectrode  and  the  saliva  probe. 

e*.  e.m.f.  of  dry  cell  connected  through  a  reversing  switch 
R»  and  Rt,  Leeds  &  Northrup  resistance  boxes 

SRfb,  the  resistance  between  the  two  spiral  auxiliary  electrodes  in  an  oral  cavity 
Co,  the  e.m.f.  caused  by  the  possible  dissimiliarity  of  the  spiral  electrodes :  usually 
a  few  mv. 

Ro,  a  250,000  ohm  resistor 

V,  the  potential  difference  indicated  by  the  electrometer-tube  meter  which  uses 
no  current 

A  resistor  (/f^)  of  0.25  megohm  was  connected  across  the  probe  and  elec¬ 
trode  leads,  and  the  potential  difference  (V*)  w'as  measured:  this  w^as  repeated 
3  more  times. 

The  platinum-tipi)ed  probe  was  replaced  with  the  saliva  probe  {Pp)  (Fig. 
7).  This  saliva  probe  was  immersed  in  the  saliva  in  the  mouth  until  its  tip 
was  covered  with  a  small  drop.  It  was  then  pressed  on  the  filling  so  that  only 
the  polystyrene  pin  (P„  Fig.  8)  touched  the  filling.  The  potential  difference 
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U,  was  then  measured  4  times.  A  resistor  (Hi)  was  connected  across  the  prohe 
and  electrode  leads  and  the  potential  difference  (4%)  was  mea.sured  4  times. 

It  is  nearly  impossible  to  get  the  surfaces  of  tw'o  pieces  of  platinum  (or 
any  metal)  so  nearly  alike  that  they  will  not  generate  an  e.m.f.  when  they  are 
])Iaced  in  an  electrolyte  (saliva).  This  po.ssihle  e.m.f.  (Vp)  is  indicated  in 
(spiation  [8],  and  was  determined  by  measuring  the  potential  difference  between 
the  saliva  probe  (Pp)  and  the  auxiliary'  electrode  {P^)  w^hen  these  were  near 
each  other  and  both  immei*sed  in  the  saliva  in  the  mouth.  This  measurement 
also  w’as  repeated  4  times. 

The  form  for  recording  these  data  included  all  the  items  de.scribed  for 
the  form  used  in  Part  I  except  that  the  columns  were  headed  V,,  Vj,  V 
and  V p.  These  potential  differences  were  recorded  as  galvanometer  deflections 
in  millimeters.  U.sually  measurements  on  two  fillings  were  made  in  each  oral 
cavity. 

The  resistance  (lipfi)  of  the  auxiliary-electrode-saliva  contact  was  deter¬ 
mined  with  the  apparatus  shown  schematically  in  h'ig.  9  and  the  use  of  equa¬ 
tion  [18].  It  was  found  that  /f/»»  was  independent  of  the  relative  locations  of 
the  two  auxiliary  electrodes  in  the  mouth.  It  was  also  found  that  this  resist¬ 
ance  was  virtually  the  same  when  it  was  measured  in  the  mouths  of  various 
people.  Since  it  was  small  compared  to  the  resistance  of  a  filling-.saliva  or  a 
filling-bone  fluid  contact,  Hps  was  considered  a  constant  for  the  apparatus. 
Its  measured  value  was  0.007  megohm. 

The  resistance  {Rpp)  of  a  saliva-probe  contact  was  also  determined  with 
the  apparatus  shown  in  Fig.  9  and  by  the  use  of  equation  [18].  In  this  ca.se 
a  pair  of  identical  saliva  probes  replaced  the  spiral  electrodes  in  Fig.  9.  These 
two  probes  were  dipped  into  the  saliva  in  the  subject’s  mouth,  and  their  tips 
were  brought  together  out  in  the  air  so  that  the  ends  of  the  two  polj'styrene 
pins  (P,,  Fig.  8)  touched  each  other  and  so  that  the  tw’o  tiny  drops  of  saliva 
coalesced.  Here  again  it  w^as  found  that  Hpp  was  essentially  the  same  when 
determined  with  the  use  of  saliva  drops  obtained  from  various  oral  cavities. 
It  also  W’as  found  that  Rpp  was  independent  of  the  size  of^the  coalesced  drops 
which  connected  the  two  probes.  Since  Rpp  also  was  rather  small  compare<i 
to  the  resistances  of  the  saliva-filling  and  bone  fluid-filling  contacts,  it  was 
considered  an  apparatus  constant.  Its  measured  value  was  0.028  megohm. 

From  the  data  obtained  for  Vj,  F*,  F,,  F*,  Vp,  Rt,  Ri,  Rps,  and  Rpp,  were 
calculated  the  values  of  the  four  desired  quantities,  Rab,  Ras,  net  e.m.f.,  and  I 
by  use  of  equations  [9],  [10],  [11],  and  [12].  These  calculations  were  carried 
out  conveniently  by  use  of  a  record  form  having  14  columns.  The  galvanometer 
deflections  in  millimeters  were  translated  into  potential  differences  in  millivolts 
before  recording  them  on  this  form.  The  electrometer  apparatus  was  adjusteil 
to  a  sensitivity  of  2.5  mv/mm  for  these  measurements. 

Results  (Part  II). — Usable  data  were  obtained  on  78  fillings  in  the  oral 
cavities  of  66  subjects  whose  ages  fell  in  the  range  18  to  30  years.  The  results 
are  summarized  in  Table  II  in  which  are  given  avei’age  values  of  the  desiretl 
electrical  quantities. 
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The  mafrnitudes  of  the  three  larjrest  observed  values  of  each  of  the  elec¬ 
trical  quantities  are:  For  Gold:  Hab-O.SI,  0.19,  0.14;  /f.4s:1.4,  1.3,  0.87;  {Rab 
~  /fjs)  :1.5,  1.3,  0.90;  7:1.07,  0.44,  0.24;  €.m./:245,  160,  150.  For  amalgam: 
7f^B:0.42,  0.31,  0.30;  /f4s:1.7,  1.5,  1.3;  (Rab  +  Ras)  :2.0,  1.6,  1.3;  e.m./.:160, 
151,  145;  7:3.4,  2.8,  1.9. 

Table  II 

Su-MMARY  OF  RESULTS  FOR  SINGLE  FILLINGS 
78  Fillings  in  Mouths  of  66  Persons 


Average  Values — Part  II 


78  FILLINGS 

66  AMALGAM 

12  GOLII 

Resistance  of  the 

bone  fluid  contact,  R^b 

0.067  megohm 

0.097  megohm 

Resistance  of  the 
saliva  contact,  Ras 

0.24  megohm 

0.44  megohm 

Total  resistance 

0.31  megohm 

0.54  megohm 

Net  e.m.f.  associated 
with  Ailing 

Positive* 

87  mv.  (29)** 

67  mv.  (7) 

Negative 

54  mv.  (37) 

136  mv.  (5) 

Normal  electric  current 
through  Ailing,  1 

Positive* 

0.48  microamp.  (29) 

0.30  microamp.  (7) 

Negative 

0.48  microamp.  (37) 

0.22  microamp.  (5) 

•Positive  direction  of  e.m.f.  and  current  is  from  flllingr  to  saiiva  to  bone  to  fllling;. 
••In  parentheses  is  given  the  number  of  flllings  used  to  compute  the  average  value. 


The  result  that  the  resistance  between  a  pair  of  platinum  spiral  auxiliary 
electrodes  was  independent  of  their  relative  positions  in  the  oral  cavity,  also 
shows  that  the  resistance  introduced  by  such  an  electrode  is  concentrated  in, 
and  very  near,  the  metal-saliva  contact,  and  that  the  resistance  offered  by  the 
saliva,  bone  and  tissues  is  relatively  negligible. 

The  similar  result  that  the  resistance  between  a  pair  of  saliva-probes 
(Fig.  8)  was  independent  of  the  size  of  the  drop  of  saliva  which  connected 
them,  also  shows  that  the  resistance  introduced  by  such  an  electrode  is  con¬ 
centrated  at,  and  near,  the  metal-saliva  contact. 

Both  of  these  results  corroborate  the  exiierimental  fact  noted  in  Part  I, 
that  the  resistance  between  a  pair  of  fillings  was  independent  of  their  relative 
positions  in  the  oral  cavity,  which  led  to  the  conclusion  that  the  resistance 
limiting  the  normal  current  through  a  filling  is  concentrated  at  and  near  its 
contacts  with  the  saliva  and  the  bone  fluid. 

While  the  electrometer-tube  potential-difference  meter  was  being  construc¬ 
ted  and  perfected,  many  data  on  single  fillings  were  taken  with  the  aid  of  the 
ballistic-galvanometer-condeiLser  jiotential-difference  meter  which  is  described  in 
Part  I.  With  this  meter  usable  data  w’ere  obtained  on  127  fillings  in  the  mouths 
of  77  persons.  Eleven  of  the  fillings  were  gold,  116  were  of  amalgam. 

Since  the  charging  time  for  the  one-mf  condenser  was  5  seconds,  serious 
Iiolarization  effects  were  present  in  spite  of  the  fact  that  a  2  megohm  resistor 
served  for  both  77,  and  The  measurements  of  the  net  e.m.f.  did  not  involve 
the  use  of  current  through  the  resistor,  and  these  measurements  agree  very  well 
with  those  obtained  with  the  electrometer-tube  apparatus.  In  fact  in  both  sets 
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of  measurements  the  average  value  of  the  positive  e.m.f.  assoeiated  with  an 
amalgam  filling  was  87  mv.  The  average  negative  e.m.f.  for  amalgam  was  54 
mv  for  the  electrometer  data  and  60  mv  for  the  ballistic  galvanometer  data. 
The  numher  of  gold  fillings  in  each  set  was  too  small  (5  to  7)  to  yield  good 
agreement ;  they  were  respectively  67  and  136  mv,  and  161  and  46  mv.  This 
is  an  entirely  satisfactory  agreement  for  such  small  numbei-s  of  measures  on  such 
highly  variable  quantities. 

The  resistance  measurements  involved  the  use  of  current  and  the  resulting 
polarization  effects  (with  ballistic  galvanometer  apparatus)  evidently  caused  the 
resistances  of  the  metal-saliva  and  metal-hone  fluid  contacts  to  increase  (or  the 
existing  e.m.f. "s  to  decrea.se,  which  would  give  the  same  effect).  In  fact  the 
average  computed  resistances  were  several  times  those  computed  from  elec¬ 
trometer  data.  The  average  currents  were  correspondingly  less  by  the  same 
factor.  Again,  these  results  may  he  con.sidered  in  satisfactory  agreement  for 
they  di.sagree  by  less  than  half  an  order  of  magnitude.  This  is  far  less  disagree¬ 
ment  than  may  occur  between  sets  of  measurements  on  two  different  fillings  in 
the  same  oral  cavity.  Serious  polarization  (decrease  in  e.m.f.  or  inerease  in 
resistance,  or  both)  was  evidenced  by  the  fact  that  successive  values  of  both  T* 
and  decreased  in  size.  This  occurred  very  seldom  with  the  electrometer 
apparatus. 

Considerations  of  the  results  obtained  with  pairs  of  fillings  in  Part  I,  in 
the  light  of  the  results  obtained  with  single  fillings,  are  of  interest.  One  also 
would  expect  that  of  Part  I,  which  is  made  up  of  two  filling-hone  fluid  con¬ 
tacts,  should  be  about  twice  as  large  as  Rab.  Actually  the  former  is  some  5 
times  larger.  This  probably  is  due  to  the  polarization  effects  which  occurred 
when  the  resi.stor  (Ri)  was  connected  for  the  5  second  intervals  and  a  1  mf  con¬ 
denser  was  charged. 

A  few  of  the  subjects  reported  electric  shocks  when  two  of  their  fillings 
were  contacted  with  the  prohes  (connected  to  the  1  mf  condenser) ;  evidently 
even  the  small  charge  taken  by  the  condenser  was  sufficient  to  cause  this  dis¬ 
agreeable  sensation.  If  two  fillings,  wet  with  saliva,  are  connected  through  an 
ordinarv’  microammeter  or  galvanometer,  Imth  the  e.m.f.  caused  by  the  .saliva 
and  the  e.m.f.  caused  by  bone  fluid  (acting  on  the  |)air  of  fillings)  furnish 
current  through  the  meter.  Early  workers  reported  such  currents  to  be  as 
much  as  50  microamperes,  and  even  much  more  in  some  cases.  These  facts  indi¬ 
cate  that  contacts  between  metallic  fillings  in  place  in  teeth,  must  he  avoided. 
If  neces.sary  a  plastic  plug  may  be  inserted  in  one  of  them  at  the  point  of  con¬ 
tact. 

The  many  case  histories  that  have  been  reported  in  the  literature  lead  one 
to  conclude  that  serious  pathologic  conditions  in  the  oral  cavity  have  been 
caused  by  metallic  dental  fillings.  There  appeal's  to  be  no  evidence  that  such 
conditions  are  caused  directly  by  the  electric  current.  However,  if  the  subject 
happens  to  exhibit  hypersensitivity  to  certain  metallic  ions  supplied  by  the 
dental  fillings,  then,  since  the  electric  current  hastens  the  solution  of  the  fillings 
and  assists  in  transporting  the  ions  to  and  through  the  tissues,  it  may  exert  an 
indirect  detrimental  effect  on  the  subject. 
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The  more  size  of  the  olootromotivo  force  urohahly  is  not  sijrnifieant.  Tliree 
of  the  five  patients  who  had  decided  i)atholojriral  conditions  in  their  mouths  ex¬ 
hibited  electromotive  forces  much  larger  than  the  averaire  from  “normal”  sub¬ 
jects,  hut  quite  a  number  of  the  subjects  with  apparently  “ normal  “  mouths  ex¬ 
hibited  even  larfier  electromotive  forces.  However,  the  number  of  eases  (5) 
exhibiting  decided  patholojrieal  conditions  was  too  small  to  permit  the  drawing 
of  final  conclusions. 

COXCIU  SION’S 

A  critical  survey  of  the  literature  since  1S7S  tofrether  with  the  results  ob¬ 
tained  in  the  present  work,  lead  to  the  followinff  conclusions: 

1.  There  appeal’s  to  be  frood  evidence  that  serious  patholojjic  conditions  in 
the  oral  cavity  have  been  caused  by  metallic  dental  filliiifis. 

2.  The  mere  size  of  the  electromotive  forces  associated  with  metallic  fillitiffs 
is  probably  not  of  primary  sifrnifieanee  (this  conclusion  is  based  on  only  a  few 
observations).  A  more  important  factor  may  be  the  hypersensitivity  of  the 
subject  to  the  metallic  ions  supplied  by  the  fillinjrs. 

3.  Relatively  large  electric  currents  will  pass  through  metallic  fillings  if 
two  such  fillings  are  in  contact.  Such  contacts  between  metallic  fillings  should 
be  prevented. 

4.  The  magnitudes  of  the  electrical  phenomena  as.sociated  with  metallic 
dental  fillings  do  not  appear  to  depend  on  the  pH  of  the  saliva,  on  the  sex  or 
age  of  the  subject,  or  on  the  existence  or  nature  of  recent  illness. 

5.  In  this  report  are  shown:  (a)  that  the  bone  fluid  is  just  as  important 
as  the  saliva  in  causing  electric  currents;  (b)  methods  for  determining  the  net 
e.m.f.’s  associated  with  metallic  dental  fillings;  (e)  methods  for  determining 
the  electrical  resistances  associated  with  metallic  dental  fillings;  (d)  that  these 
resistances  are  concentrated  at  the  metal-saliva  and  metal-bone  fluid  contacts; 
(e)  a  method  for  determining  the  net  electric  current  pa.ssing  through  a  metallic 
dental  filling  under  ordinary  oral  conditions;  and,  (f)  that  the  magnitude  of 
the  current  through  any  filling  is  virtually  independent  of  the  number  and 
kinds  of  other  fillings  in  that  oral  cavity,  provided  that  filling  does  not  make 
contact  with  any  other  metallic  filling. 

SUMM.VRY 

A  critical  review  of  the  literature  from  1878  to  date  is  presented.  The 
more  important  experiments  are  described  and  the  more  important  conclusions 
are  cited.  Certain  fallacies  are  pointed  out. 

The  sources  of  possible  electromotive  forces  for  pairs  of  metallic  fillings 
and  for  single  fillings  are  described.  The  literature  survey  revealed  that  neither 
the.se  e.m.f.’s,  nor  their  resulting  currents,  had  been  measured,  and  that  no 
measurements  had  been  reported  from  which  these  e.m.f.’s  and  currents  could 
have  been  calculated. 

A  condenser-ballistic-galvanometer  potential-difFerence  meter  was  devel¬ 
oped,  with  which  the  electrical  potential  differences  between  pairs  of  metallic 
fillings  could  be  measured.  The  scheme  for  carrying  out  the  measurements  and 
the  theory  for  the  calculations  are  given. 
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Measurpinents  were  made  »)n  213  paiix  of  fillings  in  the  mouths  of  137  sub- 
jeets.  Averajfo  values  of  the  results  are  fjiveu  in  Table  I. 

A  study  of  these  measurements  (Part  I)  led  to  the  eonelusion  that  the  elec- 
trieal  resistance  associated  with  a  fillinif  is  almost  entirely  concentrated  in,  and 
very  near,  the  metal-saliva  ami  metal-bone  fluid  contacts.  This  was  confirmed 
in  Part  II  for  metal-saliva  contacts. 

This  conclusion  ma«le  it  po.s.sible  to  prove,  by  use  of  the  well-know’n  princi- 
I)les  applyiuff  to  electric  circuits,  that  the  electric  current  through  any  metallic 
fillinif  is  virtually  independent  of  the  number  and  kinds  of  other  metallic  fillings 
in  that  oral  cavity,  provided  that  filling  is  not  in  contact  with  any  other  metallic 
filling. 

This  proof,  together  with  the  conclusion  alawe,  made  it  po.s.sible  to  develop 
a  method,  inclmling  the  necessary  theory,  for  determining  the  electromotive 
force,  electrical  resi.stance,  and  electric  current  as.sociated  with  a  .single  metallic 
filling.  The  theory  calls  for  the  measurement  of  five  potential  differences  as 
well  as  the  resistances  intnxluced  by  an  auxiliary  elect nxle  and  a'  saliva  proI)e. 

A  second  apparatus  for  measuring  the  potential  differences  was  developed: 
it  incorporated  a  special  highly-insulated  electrometer  tube.  A  potential  mea.s- 
urement  with  this  meter  recpiired  a  closed-circuit  time  of  only  a  fraction  of  a 
second,  and  only  a  very  small  electric  charge  needed  to  be  furnished  by  the 
source  of  the  potential.  This  meter  eliminated  intolerable  polarization  effects. 

The  experimental  procedure  is  described  and  the  scheme  for  dealing  with 
the  data  is  given.  Results  were  computed  for  78  fillings  in  the  oral  cavities  of 
66  subjects  whose  ages  fell  in  the  range  18  to  30  yeare.  These  results  are  sum¬ 
marized  in  Table  II. 

These  results  are  discus.sed  and  their  relations  to  other  results  obtained 
with  the  condenser-ballistic-galvanometer  meter  on  127  fillings  in  the  mouths 
of  77  persons,  are  described. 

One  of  the  author!*  (S<‘hriever)  is  indebted  to  Dr.  E.  R.  1.4iin  of  Oklahoma  City  for 
introdueing  him  to  this  problem,  for  inviting  him  to  cooperate  in  some  early  work  (Refer¬ 
ence  No.  4),  and  for  loaning  him  a  collection  of  reprints  and  some  private  correspondence. 

Both  authors  are  indebted  to  Dr.  Onis  Hazel  of  Oklahoma  City  for  referring  to  us 
five  of  his  patients  who  exhibited  severe  pathologic  conditions  in  their  mouths;  and  to  Con¬ 
stance  Raab,  Loretta  Graham,  Cliarles  Engles,  Arthur  W.  Bu.'jwell,  and  I.<eo  Cawley,  research 
assistants,  for  doing  much  of  the  routine  experimental  work. 
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A  STUDY  OF  THE  HEALINO  PROCESS  FOLLOWING  OPERATIVE 
INTERFERENCE  WITH  THE  CONTINUITY  OF  THE  RAT  MAXILLA 

WILLIAM  JACK  DALTON,  A.R,  M.S..  M.D.,  D.D.R.* 

Ohio  Stale  I'nirersity.  Columbus,  Ohio 

The  object  of  the  present  study  is  to  determine  what  type  of  repair 
oeeurs  in  the  maxilla  of  the  rat  followiii"  operative  interferenee  with  the 
eontinuity  of  the  hone. 

There  is  freneral  ajrreement  amon"  investiirators  eoneerninsr  the  meehanism 
of  hone  repair  for  most  of  the  hones  of  the  body.  A  «;reat  deal  of  information 
is  available  eoneerninp;  fracture  of  the  mandible  because  of  its  size,  form,  rela¬ 
tively  exposed  position,  and  frequency  of  fracture.  Sarnat  and  Sehour’*  have 
shown  that  when  the  mandible  of  a  rat  is  fractured  experimentally,  it  heals  by 
bony  union.  Furthermore,  it  has  been  demonstrated  thi*  even  thouJjh  the 
mandible  is  a  membrane  bone,  cartilage  formation  can  be  detected  in  the  callus 
during  the  repair  process  following  fracture. 

The  maxilla,  which  is  also  a  membrane  bone,  is  more  complex,  less  fre¬ 
quently  fractured,  and  occupies  a  less  exposed  position  than  the  mandible. 
Consequently,  the  bulk  of  information  on  maxillary  fractures  deals  largely  with 
methods  of  treatment,  and  experimental  studies  designed  to  determine  the  type 
and  manner  of  repair  following  fracture  have  been  neglected. 

Whereas  investigators  and  clinicians  generally  agree  that  the  mandible 
heals  by  bony  union  following  fracture,  there  is  no  unanimity  of  opinion  as 
to  the  type  of  repair  of  the  maxilla  following  fracture.  According  to  one  view 
the  maxilla  is  similar  to  the  flat  bones  of  the  skull  in  that  it  usually  heals  only 
by  fibrous  union  when  fractured.  The  opposing  view  holds  that  the  maxilla, 
like  the  mandible,  is  capable  of  healing  by  bony  union.  The  present  study, 
therefore,  was  undertaken  to  ascertain  whether  the  maxilla  of  the  rat,  following 
experimental  removal  of  a  thin  segment  of  bone  to  simulate  fracture,  heals  by 
fibrous  or  by  bony  union. 


REVIEW  OF  THE  LITERATURE 

Healing  of  a  Tyincal  Long  Bone  (Tibia). — There  is  complete  agreement 
among  investigatoi's  concerning  the  method  of  reiiair  of  fractures  of  the  long 
bones,  and  there  is  adeipiate  experimental  data  to  warrant  acceptance  of  the 
current  literature.  Urist  and  McLean**  differed  with  the  earlier  authors,  Ham* 
and  McKeown  and  Downs,*"  only  in  their  interpretation  of  the  origin  of  the 
various  cellular  elements  and  the  significance  of  the  periosteum  and  endosteum. 

Enneking'’  in  an  excellent  experimental  study  based  on  complete  fractures 
of  rat  tibias  described  the  immediate  effect  of  a  fracture  as  being  the  formation 
of  a  hematoma  at  the  site  of  the  injured  tissues.  Layer  on  layer  of  this  blood 
clot  becomes  organized  and  replaced  by  granulation  tissue  which,  in  turn, 

This  paper  was  condensed  from  the  thesis  presented  for  partial  fulflllment  of  the  re¬ 
quirements  for  the  <legree  of  Master  of  Science  in  Anatomy  at  The  Ohio  State  University, 
June,  1950. 
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•Present  address,  116  (iarfleld  Place,  Cincinnati,  Ohio. 
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sliows  (liftVrcutiation  into  fii)roiis  conneptivc  tissue.  The  next  sta^e  is  the  de¬ 
velopment  of  hyaliri  and  fihroeartilafje  from  the  fibrous  eonneetive  tis.sne.  Bone 
from  either  fragment  prows  into  the  whole  mass  of  fihrocartilapinous  eallus 
between  the  fraetiire  ends.  Union  oeeurs  when  the  prowth  of  hone  pro.ieeted 
from  one  frapment  meets  that  from  the  other  and  is  reorpanized  })etween  the 
eortieal  ends  so  as  to  repair  the  shaft. 

HeaJinq  of  Mnndihh. — Healinp  of  the  mandible  followin*;  fraeture  has 
been  exeellently  described  by  Orimson/  Urist  and  Johnson,”  and  Samat  and 
Sehonr.”  These  studies  describe  the  healinp  proces.s,  startin';  with  the  hema¬ 
toma  and  describe  its  suhsecpient  orpanization  into  fibrous  connective  tissue. 
This  stape  is  named  “the  stape  of  procallus”  and  is  .similar  in  nature  to  the 
healinp  of  soft  tissue  elsewhere  in  the  body.  The  next  stape  i:;  that  of  fibro- 
cartilapinous  callus.  In  this  .stape  the  connective  tissue  shows  evidence  of  the 
formation  of  a  cartilapinous  disc  separatinp  the  two  fra';ments.  The  last  stape 
is  the  pradual  replacement  of  the  fihrocartilapinous  callus  by  bone  and  archi¬ 
tectural  recon.st ruction  of  this  newly  formed  }K)ne.  Accordinp  to  Samat  and 
Schour,’"  in  the  healinp  of  the  mandible  in  the  rat  there  is  usually  a  central 
body  callus  and  occasionally  an  external  callus,  but  no  internal  callus.  Urist 
and  Johnson”  pointed  out  that  in  tubular  bone  (diai)hysis)  healinp  of  the 
fracture  is  accompanied  by  an  external  and  an  internal  callus  in  addition  to 
the  central  callus,  but  that  in  fractures  in  the  repion  of  the  metaphysis  there 
is  only  the  simple  central  callu.s,  and  healinp  occurs  by  the  formation  of  intra- 
meml)ranous  bone.  The  reaction  in  the  mandible,  therefore,  is  comparable  to 
that  seen  in  the  metaphysis. 

IfeaUnff  of  a  Typical  Flat  Hone. — There  has  existed  in  the  pa.st  con.sidera- 
ble  disapreement  as  to  the  manner  of  healinp  of  fractures  of  the  bones  of  the 
skull.  Most  of  the  reports  in  the  literature  have  l)een  based  on  clinical  ob¬ 
servations  in  the  human  beinp,  and  the  lack  of  exact  knowledpe  coneeminp  the 
processes  involved  was  due  to  the  paucity  of  histolopical  observations  on  experi¬ 
mental  material.  Sicher  and  Weinmann”  have  adequately  .summarized  the  cur¬ 
rent  knowledpe  hearinp  on  this  type  of  healinp.  They  admit  that  fractures 
of  the  bones  of  the  skull,  especially  of  the  vault,  show  retarded  and  reduced 
callus  formation  and,  (juite  fre(piently,  the  end  result  is  not  Iwny  union  but  a 
[)ersistent  dense  fibrous  eonneetive  tissue  union.  Sutro  and  Jacobson''  were 
the  first  to  experimentally  fraeture  the  parietal  bone  of  the  rat  and  to  examine 
histolopieally  the  type  of  union.  The  initial  findinps  were  a  considerable 
amount  of  hemorrhape,  and  the  later  replacement  of  this  by  a  membrane  of 
fibrous  connective  tissue,  the  cells  of  which  were  very  sparse.  The  fracturetl 
ends  exhibited  localized  necrosis  and  proliferation  of  the  periosteal  membrane. 
No  true  callus  was  encountered  in  any  of  their  sections.  They  also  mentioned 
that  cartilage  did  not  develop.  They  asserted  that  the  defects  were  closed  by 
bony  bridges  which  were  the  result  of  a  steady  progression  of  new  Iwne  forma¬ 
tion  through  the  intermediation  of  osteoblasts  from  the  broken  edges. 

Healing  of  Maxilla. — There  exists  in  the  literature  to  date  definite  con- 
fu.sion  as  to  the  method  and  end  results  of  healing  of  the  maxillary  fractures. 
tSuch  authors  as  Wilensky*®  and  Clark*  have  held  that  fractui'es  of  the  maxilla 
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usually  underjro  firm  fibrous  union  unless  fixation  is  laekiii};  and  some  mecha¬ 
nism  is  present  that  produces  constant  movement  of  the  detached  segment. 
Wilensky^®  explained  the  absence  of  bone  union  in  maxillary  fractures  as  being 
due  to  the  maxilla’s  lack  of  a  periosteal  membrane.  The  basis  for  this  argu¬ 
ment  was  refuted  by  Edwards  and  Kitehin'*  by  their  histologic  sections  of  a 
cadaver  maxilla.  Colyer  and  Sprawson*  stated  that  the  maxilla  always  heals 
by  fibrous  union.  Meade”  and  Brayshaw^  described  the  Jiormal  healing  of 
maxillary  fractures  to  end  in  bony  union.  The  absence  of  a  cartilaginous  phase 
during  callus  formation,  which  has  been  observed  frequently,  has  been  ex¬ 
plained  on  the  basis  of  differences  in  the  ontogenesis  of  bones,  (’artilaginous 
callus  was  thought  to  be  absent  in  bones  which  develop  intramembranously. 
However,  this  is  incorrect  since  Sicher  and  Weinmann”  have  shown  that  the 
cartilaginous  callus  is  frequently  absent  in  the  healing  of  fractures  of  the  body 
of  the  scapula  (an  endocondral  bone)  and  Sarnat  and  Schour’®  have  shown 
that  cartilaginous  callus  is  i)resent  in  the  healing  of  experimental  fractures 
of  the  mandible  (a  membrane  bone). 

MATERIALS  AND  METHODS 

The  animals  used  in  this  study  were  6  male  albino  rats  which  were  sub¬ 
jected  to  operative  interference  with  the  continuity  of  the  maxilla.  The  site 
of  operation  was  identical  in  location  in  all  animals.  Tareful  consideration 
was  given  to  the  selection  of  the  area  of  operation,  in  order  that  it  would  be 
easily  demonstrable  radiographically  in  the  living  animal.  Two  jiilot  series 
of  6  animals  each  were  observed,  and  the  area  of  choice  was  determined  to  be 
the  zygomatic  process  of  the  maxilla. 

Using  clean,  but  not  nece.s.sarily  sterile  technique,  the  animals  were  ether¬ 
ized  and  the  oral  mucosa  incised  over  the  area  of  the  right  zygomatic  process 
of  the  maxilla.  A  No.  700  tapered  fissure  dental  burr  and  a  dental  handpiece 
with  motor  were  employed  to  cut  a  slot  approximately  halfway  through  the 
zygomatic  process  extending  anteriorly  from  the  free  edge  of  its  posterior 
border.  The  defect  created  did  not  completely  sever  the  bone  into  two  frag¬ 
ments,  and  consequently  the  factors  of  fixation  and  apposition  of  the  two  edges 
were  not  variables  to  be  considered  in  this  study.  In  order  to  avoid  excess  heat 
production  and  accompanying  bone  necrosis,  only  new  burrs  were  used,  and 
the  revolving  speed  was  the  lowest  possible  to  produce  the  defect.  No  sutures 
or  antibiotics  were  used  following  the  operation.  The  animals  were  placed 
on  a  milk  diet  for  48  hours  after  which  they  were  allowed  the  regular  labora¬ 
tory  feed  (Purina  Laboratory  Chow). 

The  animals  were  sacrificed  at  intervals  of  6  weeks,  9  weeks,  12  weeks,  4 
months,  5  months,  and  6  months. 

Each  of  the  animals  was  radiographed  before  and  after  surgerj'  and  fol¬ 
lowing  sacrifice.  Ordinary  dental  periapical  films  were  used  with  4  seconds’ 
exposure  and  a  target  di.stance  of  10  cm.  between  the  x-ray  tube  and  the  object. 
The  animals  were  cancelled  with  the  use  of  ether  in  a  closed  bell  jar,  and 
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followiiifr  decapitation  the  entire  heads  were  placed  in  10  per  cent  fonnalin. 
Seventy-two  horn’s  were  allowed  for  fixation,  and  then  the  skin  was  dissected 
away  to  facilitate  more  rapid  decalcification  and  infiltration. 


abed  c. 

Fig.  1. — Radiographs  of  the  first  five  experimental  rat  skuils  prior  to  surgery. 


abode 
Fig.  2. — Radiographs  of  the  first  five  exi>erimental  rat  skulls  following  surgery. 


Fig.  3. — a,  .\fter  6  weeks’  healing,  b.  After  9  weeks’  healing,  c,  .After  12  weeks’  healing. 
d.  After  4  months’  healing,  e.  After  5  months’  healing.  Xl. 


The  decalcification  technique  of  Morse,®  iisin»  Custer’s  solution,  was  chosen 
in  order  to  minimize  the  distortion  and  maceration  so  commonly  found  with 
nitric  acid.  Approximately  30  days  were  allowed  for  complete  decalcification, 
and  the  decalcifying  solution  was  changed  every  other  day.  At  the  end  of  the 
30-day  period,  or  when  the  decalcifying  solution  tested  negatively  for  calcium 
ions,  the  heads  were  washed  in  running  water  for  48  hours  and  dehydrated 
through  a  graded  series  of  alcohols  and  alcohol-ether.  Five  concentrations  of 
celloidin  (2,  4,  6,  10,  and  15  per  cent)  were  used  for  infiltration,  and  48  hours 
in  the  incubator  at  37°  C.  were  allowed  for  each  concentration.  The  heads  were 
imbedded  in  15  per  cent  celloidin,  hardened  in  70  per  eent  alcohol,  mounted  on 
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pressed  fiber  blocks  and  eiit  serially  in  frontal  sections  at  18  niiera.  Tbe  sec¬ 
tions  were  stained  with  hematoxylin  and  eosin  and  mounted  on  sildes  with 
Clarite. 

.  OBSERVATIONS 

Clinically,  the  animals  used  for  the  first  four  healing  stajies  made  un¬ 
eventful  recover^’  from  the  operations.  No  infection  was  evident  in  the  area 
of  the  incision,  nor  were  there  any  external  draining  sinuses.  The  animals 
used  for  the  fifth  and  sixth  stages  showed  first  the  symptoms  of  acute  and 
then  chronic  infection.  External  draining  sinuses  were  present  under  the  right 
orbit.  There  was  a  loss  in  facial  cheek  tissue  more  noticeable  on  the  right  side. 
There  was  a  definite  loss  in  total  body  weight,  and  the  animals  were  not  as 
active  as  their  fellow  experimental  animals  or  controls. 

Microscopic  examination  reveals  the  malar  process  of  the  maxilla  of  the 
control  animals  to  be  composed  of  thin  cortical  bone  in  the  anterior  one-third 
(Fig.  4).  In  the  posterior  two-thirds  the  bone  becomes  progressively  thicker 
retaining  the  thin  cortical  layers  peripherally  with  a  central  core  of  a  more 
cancellous  type  of  lione  with  numerous  small  marrow  .spaces. 

The  first  animals  was  sacrificed  6  weeks  postoperatively  and  the  radiograph 
reveals  a  definite  minimal  amount  of  filling  in  of  the  defect  (Fig.  3).  Micro¬ 
scopic  examination  shows  the  line  of  incision  to  be  covered  with  epithelium  and 
is  seen  as  a  projection  from  the  oral  cavity  in  these  frontal  sections  (Fig.  5). 
There  is  a  small  spicule  of  bone  sequestrated  through  this  site  of  the  incision, 
and  this  entire  area  gives  evidence  of  chronic  inflammation  by  the  round  cell 
infiltration.  The  defect  is  filled  with  fibrous  connective  tissue  of  a  mature 
character.  The  lione  on  both  edges  of  the  defect  shows  osteoblastic  activity 
with  the  laying  down  of  osteoid  tissue.  Some  of  the  new  bone  laid  down  has 
already  been  calcified,  and  the  architectural  pattern  is  cancellous  in  nature 
with  numerous  cells  and  relatively  few  Haversian  systems.  The  cancellous 
projections  of  new  lione  are  separated  by  the  mature  connective  tissue  resem¬ 
bling  the  bone  marrow.  The  iieriosteum  is  thickened  and  shows  increased 
osteoblastic  activity. 

The  radiograjih  at  the  9  weeks’  stage  of  healing  shows  a  definite  filling  in 
of  the  defect  with  the  conseijuent  diminution  in  the  size  of  the  radiolucent  slot 
(Fig.  3ft).  Histologically  a  thin  layer  of  new  bone  is  bridging  the  defect  in 
the  more  anterior  region  with  the  uniting  of  the  spicules  from  the  two  edges 
(Fig.  6).  There  is  a  marked  increase  in  thickness  of  the  lione  on  either  side 
of  the  new  bridge,  and  the  periosteum  is  thicker  and  shows  more  activity  than 
the  control  side.  The  incision  is  completely  covered  with  epithelium,  and  the 
projection  from  the  oral  cavity  noted  in  the  6  weeks’  stage  is  not  present. 
In  the  more  jmsterior  region  the  histologic  picture  is  identical  wdth  that  de¬ 
scribed  under  the  6  weeks’  stage. 

The  operative  defect  is  approximately  two-thirds  obliterated  at  the  end 
of  12  weeks  as  evidenced  by  the  radiograph  (Fig.  3c).  Histologically  the 
defect  is  bridged  by  calcified  new  lione.  The  entire  bone  shows  an  increase  in 
thickness  over  the  control  side  with  a  central  thin  core  of  compact  bone  sur- 
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Fig.  4. 


Fig.  5. 


Fig.  6. 


Fig.  7.  Fig.  8.  Fig.  9. 

Fig.  4. — Normal  control  zygomatic  process.  X75. 

Fig.  5. — Connective  tissue  callus  at  the  6  weeks’  healing  stage.  X75. 

Fig.  6. — New  bridging  bone  found  in  the  9  weeks’  healing  stage.  X75. 

Fig.  7. — Healing  stage  at  12  weeks.  Note  increase  in  thickness  of  the  bridging  bone  as 
compared  to  Fig.  6.  X75. 

Fig.  8. — Healing  stage  at  4  months.  Note  architectural  rearrangement  as  compared  to 
that  in  Fig.  7.  X75. 

Fig.  9. — Healing  stage  at  5  months  showing  osteomyelitis.  X25. 

rounded  by  a  sheath  of  less  compact  bone  which  is  rich  in  Haversian  systems 
but  contains  only  a  few  small  marrow  spaces.  The  site  of  the  original  defect 
is  evidenced  only  by  a  small  break  in  the  continuity  of  the  thin  central  compact 
core.  The  periosteum  more  nearly  approximates  in  size  that  of  the  control  area. 

Radiographically  the  4  months’  stage  shows  complete  filling  in  of  the 
defect  (Fig.  3d).  Histologically  there  is  a  reduction  in  the  gross  size  of  the 
bone,  although  it  is  still  approximately  twice  the  size  of  the  control  side  (Fig.  8). 
The  exact  area  of  defect  can  no  longer  l)e  distinguished.  The  thin  central 
core  of  compact  bone  is  almost  completely  replaced  by  the  less  compact  and 
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more  marrow  spaces  are  present.  The  periosteum  is  layinjr  down  an  outer 
sheath  of  eompaet  hone  exactly  similar  in  appearance  and  arranfrement  to  the 
control  side. 

The  fifth  and  sixth  month  .statres  are  identical  clinically.  radio}rraphically, 
and  histologically.  The  typical  picture  of  osteomyelitis  with  hone  destruction 
and  sequestration  is  seen  on  the  x-rays  (Fiff.  3c).  Tfistolopric  examination  con¬ 
firms  the  x-ray  diagnosis  (Fijr.  9).  However,  the  original  defects  can  not  lie 
localized  by  x-ray  or  microscopic  examination.  Tt  can  he  assumed  that  the 
defect  is  at  least  partially  healed  despite  the  presence  of  infection  and  the 
accompanying  destruction  of  lione. 


DiscrssiON 

There  exists  a  unanimity  of  opinion  concerninj?  the  changes  in  the  initial 
stages  of  the  healing  process  following  the  fracture  of  any  hone.  Thus  we  can 
accept  as  factual  the  formation  of  a  hematoma  and  the  subsequent  invasion  by 
connective  tissue.  Therefore,  the  first  experimental  animal  was  not  sacrificed 
until  6  weeks  postoperatively  at  which  time  concrete  evidence  could  be  antici¬ 
pated  as  to  the  type  of  repair  in  the  operative  site. 

The  radiographs  taken  immediately  following  sacrifice  of  the  first  four 
animals  show  a  progressive  obliteration  of  the  radiolucent  defect  by  a  radi¬ 
opaque  area  indistinguishable  from  the  radiopacity  of  the  normal  surrounding 
bone  (Fig.  3,  a-d).  It  is  logical  to  a.ssume  that  the  material  filling  in  the 
defect  represents  calcified  material  giving  the  radiographic  appearance  of  bone. 
The  radiographs  of  the  la.st  two  stages  show  a  picture  substantiating  the 
clinical  findings  of  multiple  draining  sinuses  and  leading  to  the  proper  diagnosis 
of  osteomyelitis  (Fig.  3e).  It  is  worth  noting  that  the  original  sites  of  the 
defects  in  the  latter  cannot  be  distinguished  and  that  the  entire  malar  process 
of  the  maxilla  is  involved  in  the  osteomyelitic  process. 

The  frontal  section  of  the  first  four  experimental  stages  when  examined 
microscopically  show  the  free  edges  bordering  the  defect  to  be  in  the  sites  of 
osteoblastic  activity  with  the  laying  dowTi  of  osteoid  tissue  (Figs.  5,  6,  7,  and  8). 
This  new  osteoid  quickly  becomes  calcified  and  assumes  an  architectural  pattern 
cancellous  in  nature.  The  connective  tis.sue  bridging  the  gap  is  well  differ¬ 
entiated.  Simultaneously,  with  the  attempt  at  bridging  of  the  defect  by  the 
projection  of  new  cancellous  bone  originating  from  the  edges,  there  is  a  definite 
thickening  of  the  periosteal  membrane  away  from  the  operative  site  at  the 
sides  of  the  remaining  normal  bone.  This  increa.sed  periosteal  activity  results 
in  the  laying  down  of  a  less  compact  type  of  bone  giving  the  entire  area 
sufficient  increase  in  thickness  as  to  be  distinguishable  with  the  naked  eye.  The 
endosteum  lining  the  Haversian  systems  adjacent  to  the  defect  also  shows 
o.steoblastic  activity. 

These  three  sites  of  accelerated  bone  production  continue  to  show  activity 
until  the  defect  has  been  bridged;  first  by  a  junction  of  the  thin  cancellous 
projections  of  the  edges,  and  .second  by  a  reinforced  thickening  of  the  entire 
malar  process  which  extends  across  the  gap  and  becomes  indistinguishable  from 
the  initial  thin  bridging  bone.  Without  entering  into  the  controversy  of  the 
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ctiolofjy  or  sijrnificanpe  of  the  cells  which  engaKc  in  new  hone  formation,  it  is 
correct  to  accept  tlm'e  distinct  sites  of  accelerate«l  hone  production  which 
contrihnte  to  the  end  resnlt  in  this  stndy.  These  three  sites  are:  (1)  the 
l»erios1euin,  (2)  the  endosteum  lining  the  Haversian  systems,  and  (3)  the 
connective  tissue  callus  filling  the  defect.  In  none  (»f  the  sections  is  there  any 
evidence  of  cartilage  formation  prior  to  the  laying  dowji  of  osteoid  tissue.  It 
is  inten'sting  to  note  that  the  osteoid  tissue  becomes  calcified  (piickly  and 
matiu'es  in  nature  as  evidenced  hy  the  extreme  thinness  of  this  layer.  By  the 
end  of  the  fourth  stage  (16  weeks)  the  site  of  the  original  defect  is  almost  en¬ 
tirely  obliterated,  and  the  malar  i)rocess  in  this  area  when  examined  microscop¬ 
ically  appears  to  he  composed  of  a  thick  central  core  of  a  cancellous  ty|M*  of 
hone  with  numerous  marrow  s|)aces.  The  periosteum  is  laying  down  a  thin 
outer  sheath  of  compact  hone  which  is  exactly  the  same  pattern  as  seen  in  the 
normal  control  side  with  the  excei)tion  of  the  greater  over-all  thickness  of  the 
malar  process  on  the  operated  side. 

The  20  and  24  week  s])ecimens  gave  the  clinical  and  nuMitgenologic  picture 
of  osteomyelitis  (Fig.  3c).  This  diagnosis  is  confirmed  hy  the  microscopic 
sections  (Fig.  9).  However,  the  original  defect  could  not  he  distinguished 
rocntgenographically  or  histologically  in  spite  of  the  presence  of  infection. 

It  can  be  coucluded,  therefore,  that  in  this  study  of  operative  interference 
with  the  continuity  of  the  rat  maxilla,  in  which  the  factors  of  infection,  mobi¬ 
lization  and  apposition  of  the  two  edges  are  not  ])resent,  the  healing  process 
results  in  bony  union. 

SUMMARY 

The  animals  used  in  this  study  were  G  male  albino  rats.  The  zygomatic 
process  was  chosen  as  the  operative  site  because  it  could  he  easily  demonstrable 
radiograiducally.  A  dental  burr  was  employed  to  cut  a  slot  approximately 
halfway  through  the  zygomatic  ])roces.s  extending  antei-iorly  from  the  free 
edge  of  its  posterior  I)order.  Radiographs  were  taken  before  and  after  surgery 
and  following  .sacrifice.  The  animals  were  sacrificed  at  intervals  of  6  and  9 
weeks  and  3,  4,  5,  and  6  months.  The  heads  were  fixed  in  10  per  cent  formalin, 
decalcified  in  Custer's  solution,  imbedded  in  (*elloidin,  sectioned  .serially  in  a 
frontal  jdane  and  stained  with  hematoxylin  and  eosin. 

It  can  he  concluded  from  the  radiographic  and  histologic  evidence  that  in 
this  study  of  oi)erative  interference  with  the  continuity  of  the  rat  maxilla,  in 
which  the  factors  of  infection,  mobilization,  and  apposition  of  the  edges  were 
eliminated,  the  healing  process  results  in  bony  union.  There  is  no  evidence  of  a 
cartilaginous  callus  stage  in  the  process  of  healing.  The  sites  of  new  hone 
formation  which  repair  the  defect  are:  (1)  the  periosteum,  (2)  the  endosteum, 
(3)  the  connective  tissue  callus.  The  end  results  in  the  presence  of  infection 
are  l)ony  union  in  spite  of  osteomyelitis. 
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THK  VASCULARITY  OF  THE  JNC’ISOR  PULP  OF  THE  MONKEY  AND 
ITS  ALTERATION  BY  TOOTH  RETRACTION 
EAKL  O.  BUTCHER  AND  A.  CECIL  TAYLOR 

Departments  of  Anatomy,  College  of  Dentistry  and  the  Graduate  School  of  Arts  and 
Science  New  York  University,  New  York,  N.  Y. 

PREVIOUS  experiments  have  shown  that  the  pulps  of  the  lower  incisor  teeth 
with  large  apical  foramina  might  be  destroyed  by  retractive  force. ^  This 
retractive  force  was  established  by  running  rubber  bands  through  small  holes 
near  the  incisal  borders  and  attaching  their  ends  to  a  wire  passed  circum¬ 
ferentially  around  the  mandible  at  the  symphysis.  The  experiments  indicated 
that  the  death  of  the  pulp  resulted  from  the  lack  of  vascularity. 

It  has  been  questioned  by  some  orthodontists  if  the  pulp  could  be  strangu¬ 
lated.  Strang-  w'as  of  the  opinion  that  either  sudden  tension  on  a  tooth  might 
injure  the  vessels  leaving  the  pulp  chamber  and  cause  serious  venous  conges¬ 
tion  and  the  death  of  the  pulp,  or  that  a  too  powerful  depressive  force  might 
shut  off  the  arterial  supply  and  thus  produce  a  devitalization  of  the  various 
elements  in  the  pulp.  Strangulation  may,  therefore,  possibly  occur,  yet 
whether  veins  or  arteries  are  most  likely  to  be  affected  and  exactly  under  what 
conditions  they  are  affected  remains  to  be  demonstrated. 

Information  on  these  several  points,  i.e.,  what  can  be  done  and  what 
should  be  avoided  in  altering  the  position  of  the  teeth  so  as  not  to  interfere 
too  greatly  with  their  vascularity  would  seem  to  be  of  sufficient  importance  to 
warrant  further  investigation. 

Before  describing  the  retractive  effects,  an  account  of  the  va.scularity  of 
the  pulp  must  be  presented  since  the  literature  contains  so  little  about  it. 

PROCEDURK 

Different  monkeys  (Rhesus)  wdth  permanent  incisoi’s  in  the  pre-emption 
stage,  or  erupted  with  large  apical  foramina,  or  erupted  with  small  apical 
foramina  were  used  in  these  investigations. 

The  monkeys  were  sacrified  either  with  ether  or  gas  and  then  decapitated. 
For  the  study  of  the  vascular  supply,  the  head  was  often  perfused  via  the 
carotid  with  saline  solution.  However,  perfusion  usually  did  not  increase  the 
thoroughness  of  the  injection.  Various  injection  masses  such  as  India  ink, 
gelatin,  latex,  dichromate,  and  lead  acetate  were  used.  While  the  dichromate- 
lead  acetate  method  of  Williams®  is  ideal,  the  coloring  is  lost  through  decalcifica¬ 
tion.  India  ink,  perfused  through  the  head  arteries,  filled  the  pulp  vessels  suf¬ 
ficiently  to  well  outline  them  after  decalcification  of  the  teeth.  The  blood  ves.sels 
of  the  pulp  in  the  lower  central  incisors  were  particularly  difficult  to  fill. 

This  investigation  was  supported  in  part  by  a  grant  from  the  United  States  Public  Health 
Service. 

Received  for  publication.  Sept.  7.  1951. 
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After  injection  the  upper  and  lower  jaws  were  removed,  sawed  into  small 
pieces  and  fixed  in  Bouins’  fiuid.  Following  fixation  the  pieces  containing  the 
incisors  were  electrically  decalcified,  washed  in  water  and  embedded  in  paraffin. 
Cutting  was  performed  on  the  sliding  microtome.  The  sections  of  various  thick¬ 
ness  were  stained  in  toto  and  mounted. 

The  procedure  of  retracting  the  teeth  has  been  briefly  reviewed  in  the  intro¬ 
duction.  Teeth  with  large  apical  foramina  of  different  monkeys  were  investi¬ 
gated.  Following  retraction  for  various  periods,  similar  procedure  was  followed 
in  injecting  and  cutting  the  retracted  incisors. 

VASCULARITY  OF  THE  PULP 

The  Pre-erupted  Tooth. — The  pre-erupted  incisor  is  shown  in  Fig.  1.  The 
pulp  is  dense  throughout  its  extent,  being  slightly  more  dense  apically.  The 
blood  vessels,  without  great  change  in  size,  course  straight  through  the  pulp. 
Between  the  root  end  of  the  tooth  and  the  dense  alveolar  looser  reticular  tissue 
bone  is  found.  !Most  of  the  veins  converge  toward  the  labial  side  of  the  tooth 
where  they  communicate  with  veins  in  the  periodontal  membrane.  The  epithelial 
root  sheath  extends  beyond  the  apical  growth  of  the  dentin. 

The  Erupted  Incisor  With  Large  Apical  Foramina. — The  erupted  incisor 
(Figs.  2  and  4)  shows  several  changes  from  the  pre-erupted  tooth.  The  distal 
portion  of  the  pulp  .becomes  loose  with  the  growth  and  elongation  of  the  tooth 
while  the  apical  area  remains  very  dense.  This  apical  region  possesses  potentiali¬ 
ties  of  differentiating  into  pulp  elements  with  further  elongation  of  the  root  end. 
Blood  vessels  coursing  through  this  dense  portion  are  small  in  diameter  and  few 
in  number.  As  they  pass  into  the  loose  distal  pulp  they  enlarge  greatly. 
Arteries  are  more  centrally  located  in  the  apical  region  and  the  veins  are  more 
often  peripheral  in  position,  draining  usually  around  the  labial  side  of  the  root 
end  into  the  large  veins  of  the  periodontal  membrane.  A  reticular  soft  tissue 
fills  in  between  the  alveolar  bone  and  the  dense  apical  pulp.  This  is  very  fragile 
and  is  very  susceptible  to  shrinkage. 

Fig.  3  shows  cross  sections  through  teeth  such  as  that  one  shown  in  PMg.  2. 
The  upper  cross  section  is  through  the  distal  level  (a)  and  shows  more  vessels 
and  the  looser  pulp.  The  lower  cross  section  is  through  the  denser  apical 
portion  (b)  of  a  tooth.  The  vessels  of  the  apical  pulp  are  smaller  and  par¬ 
ticularly  the  veins  are  less  numerous.  Only  three  veins  are  seen  in  the  apical 
cross  section  while  many  are  apparent  in  the  distal  level. 

A  section  of  a  maxillary  incisor  is  shown  in  Fig.  4.  The  blood  vessels  of 
the  incisors  usually  converge  toward  the  labial  side  of  the  root  end  where  the 
veins  drain  into  those  of  the  periodontal  membrane.  There  is  some  drainage 


Fii?.  1. — Normal  pre-erupted  tooth.  Note  the  convergence  of  blood  vessels  toward  the 
labial  side  of  the  tooth.  XI 2. 

Fig.  2. — An  erupted  incisor,  showing  apical  denser  region  of  pulp  which  contains  few  blood 
vessels  in  comparison  to  the  adjoining  distal  looser  region  with  greater  vascularity.  X25. 

Fig.  3. — The  right  cross  section  is  from  the  level  a  shown  in  Figure  2  and  the  left  cross 
section  is  from  level  b.  v  =  vein;  1  =  lingual  side.  XI 8. 

Fig.  4. — Maxillary  incisor  showing  convergence  of  vessels  toward  the  labial  side.  XI 2. 

Fig.  5. — Shows  a  vein  passing  around  the  lingual  side  of  the  root  end.  X26. 
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around  the  lingual  side  of  the  root  end  (Fig.  5)  hut  little  through  the  apical 
alveolar  bone.  The  arterial  supply,  on  the  other  hand,  is  greater  through 
the  apical  alveolar  bone  into  the  pulp  than  it  is  around  the  margins  of  the 
root  end.  There  is  less  loose  tis.sue  between  the  dense  pulp  and  the  alveolar 
bone  in  the  maxillary  incisors. 

These  studies  give  the  impression  that  the  pulp  distally  becomes  loose  in 
texture  as  the  tooth  elongates  and  erupts.  Undoubtedly  the  looseness  gives 
less  support  to  the  blood  vessels,  permitting  an  enlargement  to  a  greater 
diameter  than  in  those  in  the  denser  apical  pulp.  As  the  walls  of  the  root  end 
have  thickened  and  elongated,  the  pulp  at  the  apex  has  become  compressed 
and  changed  morphologically.  This  growTh  and  change  have  resulted  in  veins 
being  pinched  at  the  root  end  where  they  drain  abruptly  around  margins  of 
the  root  end  into  the  large  veins  of  the  periodontal  membrane. 

The  arteries  course  straight  through  the  pulp,  giving  off  branches  which 
extend  toward  the  dentine  and  continue  as  the  capillaries.  The  capillaries 
form  loops,  many  of  which  reach  into  the  odontoblastic  layer  (Fig.  6).  The 
blood  is  then  returned  to  the  wider  dilated  veins.  Several  instances  have  been 
found  where  the  India  ink  has  escaped  from  the  capillary  loop  and  penetrated 
into  the  dentinal  tubules  (Fig.  7). 

Erupted  Incisor  With  Small  Apical  Foramina. — Fig.  8  show*  an  older 
tooth  with  its  small  apical  foramen.  The  large  veins  of  the  pulp  are  seen  com¬ 
municating  around  the  margins  of  the  root  end  with  the  large  periodontal 
veins.  The  vessels  enter  the  apex  through  several  foramina  which  are 
separated  by  masses  of  atubular  dentine.  This  dentine  comes  in  close  apposi¬ 
tion  with  the  underlying  alveolar  bone.  The  apical  third  of  the  pulp  contains 
only  a  few  large  vessels  which  course  directly  through  the  pulp. 

VASCULAR  ALTERATION  UPON  RETRACTION 

Erupted  Tooth  With  Large  Apical  Foramen. — The  retractive  force  of  250 
(Jm.  used  in  these  experiments  served  to  push  the  root  end  of  the  tooth  against 
the  alveolar  bone.  This  serveil  to  strangulate  the  veins  at  the  root  end  and  cause 
a  stasis  in  the  pulp.  Fig.  9  shows  a  tooth  which  has  been  retracted  for  72  hours. 
Small  arteries  at  the  root  end  and  a  few  passing  from  the  alveolar  bone  into  the 
pulp  contain  India  ink.  Only  two  arteries  contain  any  ink  in  the  pulp.  The 
veins  in  the  pulp  are  congested  with  blood  since  the  retraction  prevented 
drainage  by  the  major  wiite,  from  the  pulp  into  the  periodontal  vessels.  Un¬ 
doubtedly  the  retraction  has  altered  the  arterial  supply  of  the  pulp  in  two  ways. 
Directly  it  has  interfered  with  the  artery  and  indirectly  the  venous  congestion 
has  provided  a  barrier  to  flow  through  the  pulp.  Shrinkage  which  is  artificial 
has  occurred  in  the  snft  tissue  between  the  apex  and  the  alveolar  bone.  Ir¬ 
regularity  of  the  alveolar  bone  indicates  that  some  resorption  is  occurring. 

The  tooth  shown  in  Fig.  10  was  retracted  for  9  days.  The  root  end  con¬ 
tacted  the  bone  and  its  margins  have  turned  into  the  pulp.  The  pressure  from 
the  retractive  force  has  caused  a  great  congestion  in  the  veins  and  prevented 
flow  of  blood  into  the  tooth.  Only  the  very  apical  portion  of  the  pulp  can 
po.ssibly  receive  much  va.scularity.  The  odontobla.sts  have  disappeared  and  the 
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Fig.  6. — Photograph  showing  the  vascularity  of  the  pulp,  a  =  artery ;  c  =  capillaries : 
V  =  vein.  X75. 

Fig.  7. — Photograph  shows  the  penetration  of  India  ink  into  the  dentinal  tubules.  XI 30. 
Fig.  8. — Old  tooth  with  vessels  entering  through  several  foramina.  X25. 

Fig.  9. — Tooth  retracted  for  72  hours.  Force  at  the  beginning  was  250  On».  Note  that 
the  root  end  contacts  the  alveolar  bone  and  that  only  two  vessels  appear  in  the  pulp. 

Fig.  10. — .Another  tooth  which  was  retracted  for  9  days,  .\reas  of  a  few  veins  containe<l 
congested  blood  :  i  =  ink  ;  c  =  congested  vessel. 
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pulp  is  necrotic.  Kcsorption  of  the  apical  bone  is  occurring  and  a  few  osteo¬ 
clasts  are  present.  Fig.  11  shows  the  opposite  retracted  first  incisor  from  the 
same  monkey.  Tt  was  retracted  in  the  same  way  and  for  a  similar  period  of 
9  days.  Despite  the  great  pressure  the  pulp  still  has  quite  a  vascularity  and 
is  surviving.  Close  observation  of  this  tooth  shows  that  the  lingual  side  of  the 
root  end  has  been  broken  off  indicating  that  the  tooth  was  tipped  lingually. 
The  labial  rim  has  not  been  forced  so  greatly  and  has  not  interfered  with  most 
of  the  vascularity.  The  opposite  incisor  (Fig.  10)  was  tipped  more  labially 
which  resulted  in  greater  interference  with  its  vascularity,  and  death  of  its 
pulp  resulted. 

Fig.  12  shows  the  first  and  second  incisors  from  another  monkey.  The 
first  incisor,  the  tooth  on  the  right,  was  retracted  for  96  hours,  while  the  second 
incisor  was  not  altered.  In  the  ca.se  of  the  retracted  tooth  the  root  end  is 
against  the  alveolar  bone,  preventing  much  of  the  venous  drainage.  India  ink 
has  penetrated  into  the  pulps  of  both  teeth  but  much  more  is  seen  in  the  un¬ 
altered  tooth,  indicating  that  there  has  been  interference  with  the  vascularity 
of  the  pulp  of  the  retracted  tooth.  At  this  magnification  a  difference  may  be 
noted  in  the  contour  of  the  alveolar  bone  around  the  apices  of  the  teeth.  The 
edge  of  the  alveolus  around  the  unaltered  tooth  is  even  while  the  irregularity 
of  the  margin  of  the  alveolus  around  the  retracted  tooth  indicates  resorption. 
One  can  easily  visualize,  by  looking  at  the  figure,  how  retraction  of  the  normal 
tooth  would  obliterate  blood  flow  in  many  vessels  to  and  from  the  pulp. 

A  higher  magnification  of  the  apical  region  of  the  same  retracted  incisor 
(Fig.  13)  gives  a  better  conception  of  the  resorption  that  was  taking  place. 
The  slight  shrinkage  in  this  instance  was  beneficial  since  it  shows  better  the 
extent  of  resorption.  In  some  instances  there  are  indications  of  petechiae  into 
the  loose  tissue  at  the  apex  of  the  tooth.  A  few  osteocla.sts  were  encountered 
in  some  areas  of  resorption  but  bone  was  disappearing  in  many  places  adjacent 
to  connective  tissue  without  osteoclasts. 

In  a  thin  section  (Fig.  14)  of  a  tooth  which  was  retracted  for  only  48 
hours  the  relations  of  the  tissues  and  alveolar  bone  may  be  better  seen  at  the 
apex.  Extravasation  has  occurred.  The  pulp  contains  little  blood. 

The  apex  of  another  tooth  from  another  monkey  which  had  been  retracted 
for  7  days  is  shown  in  Fig.  15.  The  root  end  is  against  the  alveolar  bone.  The 
odontoblasts  have  degenerated  and  the  pulp  is  necrotic.  Tissues  between  the 
pulp  and  alveolar  bone  contain  extravasated  blood.  Resorption  of  bone  has 
taken  place  in  many  instances. 

These  various  observations  indicate  that  the  venous  drainage  is  more 
easily  affected  since  a  great  stasis  occurred  yet  some  India  ink  was  still  able 
to  pass  into  the  arteries  of  the  pulp.  Considerable  resistance  to  arterial  flow 


Fig.  11. — Incisor  which  was  tipped  lingualiy.  l.s.  =  lingual  side.  Xl2. 

Fig.  12. — The  incisor  on  the  right  side  was  retracted  for  96  hours  while  the  adjoining  in¬ 
cisor  was  unaltered.  XI 2. 

Fig.  13. — Apical  region  of  tooth  retracted  for  96  hours,  showing  that  the  alveolar  bone  is 
undergoing  resorption.  XI 00. 

Fig.  14. — Tooth  retracted  for  48  hours.  Extravasation  has  occurred  and  the  pulp  is 
ischemic.  XIOO;  a  =  alveolar  bone;  p  =  pulp,  e  =  extravasation. 

Fig.  15. — Root  end  of  retracted  tooth  showing  degeneration  of  pulp  elements.  XlOO. 
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resulted  at  the  root  end  and  the  pressure  between  the  pulp  and  the  alveolar 
bone  provided  resistance  to  arterial  flow.  The  pressure  of  the  pulp  and  tissues 
on  the  alveolar  bone  caused  resorption  of  the  bone.  In  several  instances  where 
the  retraction  force  was  continued  for  10  to  20  days,  enough  bone  was  resorbed 
to  relieve  the  resistance  to  blood  flow  and  revascularization  of  the  pulp  began. 

The  vascularity  of  the  pulp  of  teeth  with  small  apical  foramina  was  less 
often  affected  when  retracted  for  similar  periods  and  with  similar  force  as  that 
applied  to  teeth  with  large  apical  foramina.  The  root  end  did  not  contact 
the  alveolar  bone.  There  are  several  reasons  why  the  retractive  force  was 
ineffective.  In  the  first  place  the  tooth  is  undoubtedly  more  securely  attached 
by  the  periodontal  membrane  in  the  alveolus.  The  root  end  is  thicker  and  is 
not  altered  as  easily  in  any  direction  by  the  pressure.  Furthermore,  the  wedge- 
shaped  tooth  more  closely  conforms  to  the  alveolus  and  moves  less  easily  in  the 
apical  direction. 

DISCUSSION 

The  injections  in  the  normal  incisors  indicate  that  most  of  the  drainage 
is  by  veins  which  anastomose  around  the  root  end  with  the  veins  in  the  perio¬ 
dontal  membrane.  Most  of  these  anastomoses  are  on  the  labial  side  of  the  tooth. 
Vascular  supply  is  mainly  by  arteries  coursing  directly  from  the  apical  alveolar 
bone  into  the  pulp.  Boling^  found  5  to  8  arterioles  entering  the  roots  of  incisors 
of  cats.  Veins  leaving  the  apex  were  more  numerous,  twelve  being  counted 
in  the  maxillary  third  incisor.  Boling  stated  that  the  diameter  of  the  veins  in 
the  pulp  was  much  greater  than  those  leaving  the  apex,  indicating  a  sluggish 
flow  within  the  pulp.  In  the  monkey,  the  veins  in  the  apical  portion  are  smaller 
in  diameter  and  they  are  also  greatly  reduced  in  number  (Fig.  3).  Veins 
leaving  the  apex  are  less  numerous  than  the  arteries.  Lefkowitz  and  Waugh® 
have  discussed  the  depression  of  teeth  and  described  the  changes  in  the  perio¬ 
dontal  membrane  upon  depression  in  the  dog.  Changes  in  the  periodontal  mem¬ 
brane  after  retraction  of  the  teeth  and  after  other  injuries  and  their  repair  in 
the  monkey  will  be  made  in  a  later  report. 

Bone  resorption  results  from  the  pressure  exerted  at  the  apex  of  the  tooth. 
This  bone  resorption  relieves  the  resistance  to  blood  flow.  Much  could  be  dis¬ 
cussed  about  how  and  what  is  responsible  for  the  bone  resorption.  It  appears 
to  occur  in  these  sections  either  when  the  tissue  is  being  pressed  against  the  bone, 
when  there  is  some  extravasation  around  the  bone  or  when  there  is  an  exudation 
of  fluid  around  the  bone.  Pressure  would  seem  to  be  the  common  factor  in  all 
cases. 

Most  important  is  the  possibility  of  the  orthodontist  strangulating  the 
vessels  by  his  ‘appliances.  The  orthodontist  uses  small  forces  compared  with 
those  used  in  these  experiments.  Second,  his  force  is  not  exerted  on  the  long 
axis  of  the  tooth  but  is  usually  constructed  for  tipping  the  tooth.  While  tipping 
the  tooth  labially  would  interfere  with  most  vessels,  enough  communicating 
vessels  would  probably  still  exist  lingually  for  necessary  vascularization.  It, 
therefore,  is  possible,  yet  not  very  probable  that  any  appliance  of  the  orthodontist 
would  have  such  a  force  or  direction  as  to  strangulate  the  vessels  to  the  extent  of 
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eausingf  a  necrosis  of  the  pulp.  In  many  instances,  as  shown  by  our  previous  ex¬ 
periments,  the  necrotic  pulp  would  he  invaded  and  repopulated  by  gjrowth 
of  tissue  from  the  apical  region. 

CONCLUSIONS 

Most  of  the  venous  drainage  of  the  pulps  of  the  incisor  teeth  in  the  monkey 
is  via  veins  which  are  continuous  around  the  rim  of  the  root  end  with  the  veins 
of  the  periodontal  membrane.  The  continuations  are  more  frequent  on  the 
labial  side. 

^lost  of  the  va.seular  supply  appears  to  be  by  arteries  which  course  directly 
from  the  alveolar  bone  into  the  apex  of  the  teeth. 

Retraction  exerted  on  the  long  axis  of  the  teeth  with  large  apical  foramina 
may  push  them  with  suflfieient  force  to  strangulate  the  veins  and  interfere  with 
the  arterial  supply  of  the  pulp.  The  vessels  of  old  teeth  with  small  apical 
foramina  are  seldom  strangulated,  apparently  because  of  their  form  and  more 
secure  periodontal  anchorage. 

The  retractive  force  causes  a  resorption  of  bone  in  the  apical  region  of  the 
teeth.  This  process  relieved  the  resistance  to  the  blood  flow. 

Although  there  is  more  danger  of  altering  the  blood  vessels  by  tipping  the 
tooth  labially,  there  is  little  evidence  that  the  retractive  force  applied  by  ortho¬ 
dontists  would  be  sufficient  to  strangulate  the  vascularity  of  the  pulp. 
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MORPHOLOGIC  RELATIONSHIPS  BETWEEN  ENAMEL  AND  DENTIN 
SURFACES  OF  LOWER  FIRST  MOLAR  TEETH 

BERTRAM  S.  KRAUS 

Depart menf  of  Anthropology,  University  of  Arizona,  Tucson,  Ariz. 

IT  IS  well  known  that  th.e  establishment  of  the  dentino-enamel  junction  by  the 
juxta-alijjnment  of  the  inner  enamel  epithelium  and  the  subjacent  mesenchy¬ 
mal  cells  provides  the  anlage  for  the  future  morphologic  characteristics  of  the 
completed  tooth.  How  closely  the  completed  enamel  crown,  particularly  its 
occlusal  surface,  mirrors  the  dentino-enamel  junction  (which  will  now  he  re¬ 
garded  as  the  surface  of  the  dentin  “crown”)  is  not  known.  Nor  has  the 
metrical  cusp-to-cusp  correspondence  of  enamel  to  dentin  surfaces  been  studied. 
The  latter  obviously  must  he  a  function  of  growth  rate.  A  uniformity  of 
topical  and  metrical  relationships  between  the  enamel  and  dentin  surfaces 
bespeaks  a  uniform  jjattern  and  rate  of  enamel  deposition  in  the  growing  tooth. 
Thus  far  it  has  been  more  or  less  tacitly  assumed  that  there  is  complete  cor¬ 
respondence  between  the  two  surfaces.  Schour  and  MassleF  stated  that  “the 
dention-enamel  junction  or  blueprint  pattern  of  the  tooth  form  is  characterized 
by  definite  high  points  upon  its  surface  which  correspond  in  number  and 
position  to  the  cusps  (in  the  po.sterior  teeth)  or  lobes  (in  the  anterior  teeth) 
of  the  completed  tooth.” 

In  order  to  ascertain  whether  or  not  complete  topical  and  metrical  cor¬ 
respondences  exist  between  the  enamel  and  dentin  surfaces,  a  study  was  made 
of  50  lower  first  molars.  If  such  correspondences  did  in  fact  exist  then  it 
could  be  assumed  that  the  daily  rate  of  formation  of  enamel  proceeds  uniformly 
throughout  the  enamel  crown.*  If  the  enamel  surface  did  not  show  such  cor¬ 
respondence  with  the  dentino-enamel  junction  then  there  must  he  a  differential 
growth  rate  or  i)attern  in  the  formation  or  apposition  (or  both)  of  enamel  in 
the  growing  tooth,  In  the  latter  event  a  histologic  study  of  the  course  of  the 
enamel  rods  in  various  portions  of  the  crown  might  provide  some  answers. 

If  consistent  correlations  in  topical  arrangements  could  be  demonstrated 
between  enamel  and  dentin  surfaces,  then  a  valuable  tool  for  the  study  of 
cuspal  arrangements  on  molars  showing  varying  degrees  of  attrition  would  be 
available.  For  example,  to  study  the  crown  patterns  of  worn  fossilized  primate 
teeth,  it  would  be  necessary  only  to  remove  the  remaining  enamel  and  study 
the  basic  dentino-enamel  surface,  recon.structing  the  enamel  arrangement  in 
terms  of  e.stablished  correlations.  Indeed,  it  was  largely  with  this  purpose  in 
mind  that  the  present  study  was  inaugurated. 

The  present  study  is  one  of  a  series  of  investigations  of  tlie  genetic  factors  involved  in 
the  human  dentition  that  are  being  inaugurated  at  the  laboratory  of  Physical  Anthropology, 
University  of  Arizona.  They  are  aided  by  a  Fellowship  (Jrant  from  the  John  Simon  Ouggen- 
heim  Memorial  Foundation,  awarded  for  1951-1952. 
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METHOD  AND  MATERIAUS 

Fifty  lower  first  permanent  molars  were  employed  in  this  study.  They 
were  extracted  from  the  mandibles  of  skeletons  recovered  from  the  prehistoric 
Arizona  sites  of  Tuzi^oot  and  Kinishha,  dating  roughly  around  a.d.  1200.  All 
of  the  first  molar  teeth  were  unerupted  hut  with  root  formation  in  the  be¬ 
ginning  stages;  thus  there  was  no  wear  on  the  enamel  of  any  of  the  teeth. 
Half  the  teeth  were  lower  left  molars,  half  lower  right.  Of  the  total  number 
of  teeth  there  were  15  pairs,  each  representing  lefts  and  rights  from  the  same 
jaw. 

The  maximum  crown  breadth  and  length  of  each  tooth  was  measured  first. 
Impressions  were  then  taken  of  each  molar  crown  and  casts  made  from  these 
for  later  checks  and  comparisons.  On  each  molar  the  apex  of  each  cusp  (except 
the  hypoconulid)  was  marked  with  a  lead  pencil  held  so  that  the  conical  margin 
of  the  pencil  w’as  tangential  to  a  plane  established  between  the  apices  of  any 
two  cusps.  The  tooth  was  then  inverted  and  the  cuspal  apices  were  impressed 
ui)on  pa})er  resting  on  a  hard  level  surface  so  that  the  paper  bore  pencil 
impressions  of  the  cuspal  apices.  It  was  necessaiw’  to  rock  the  tooth  slightly 
to  make  all  4  impressions  since  the  apices  were  not  all  on  the  same  horizontal 
plane. 

The  following  measurements  were  made  directly  on  the  i)aper,  using  a 
Helios  caliper  with  Vernier  scale : 

1.  Diameter  hetween  protoeonid  ami  metaeonid  apices. 

2.  Diameter  between  liypoconid  and  entaconid  apices. 

Diameter  between  protoeonid  and  hypoconid  apices. 

4.  Diameter  between  metaeonid  and  entaconid  apices. 

5.  Diameter  between  protoeonid  and  entaconid  apices. 

The  apices  of  the  enamel  eusps  were  plotted  on  graph  paper,  using  a  10:1  seale. 

The  enamel  portion  of  each  molar  crown  was  then  removed  by  placing  the 
tooth  in  a  beaker  eontaining  a  9  per  cent  solution  of  IICI  at  about  70°  F.  The 
tooth  rested  on  a  ni-chrome  wnre  gauze  to  facilitate  removal  without  handling. 
Each  tooth  was  placed  with  the  occlusal  surface  up,  and  inferiorly  exposed 
imli)  cavities  were  covered  with  hot  dental  baseplate  wax  to  i)revent  action 
of  the  solution  on  dentin.  Immersion  time  varied  from  9  to  24  minutes,  the 
tooth  being  inspected  freciuently  to  note  stage  of  enamel  removal.  In  all  cases 
the  enamel  was  completely  removed  without  involvement  of  the  dentin,  although 
some  of  the  main  intercusp  fissures  retained  their  enamel  covering.  The  teeth 
were  then  rinsed  with  water  and  handled  carefully  so  as  to  prevent  chipping  of 
the  dentinal  cusps. 

Interapical  diameters  on  the  dentin  cusps  were  measured  directly,  since 
the  apices  are  sharply  defined.  The  same  measurements  were  made  as  on  the 
enamel  cuspal  apices.  The  dentin  apical  ])oints  were  then  plotted  on  the  same 
10:1  scale  within  the  outline  of  the  enamel  apical  i)erimeter  for  the  same  tooth. 
The  points  of  the  enamel  and  dentin  apices  of  the  protoeonid  were  made  to 
coincide,  as  w'ere  the  protoconid-hypoconid  diametei’s. 

Analysis  of  the  metric  characteristics  of  the  euspal  apices  of  both  enamel 
and  dentin  surfaces  and  comparison  of  absolute  and  relative  dimensions  and 
angles  proceeded  on  the  basis  of  the  graphs. 
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RESULTS 

The  angle  formed  at  the  entaeonid  apex  by  the  lines  connecting  the 
metaconid,  entaeonid,  and  hypoconid  apices,  proved  to  be  significantly  the 
smaller  of  the  4  apical  angles  on  both  dentin  and  enamel  surfaces.  The  mean 
entaeonid  angle  on  the  enamel  was  74.6°,  and  on  the  dentin,  70.9°.  The  largest 
mean  angle,  though  not  significantly  so,  was  that  formed  at  the  hypoconid 
apex  on  both  enamel  and  dentin.  The  mean  metaconid  angle  was  only  slightly 
smaller  on  both  surfaces  than  the  hypoconid  angle,  and  the  protoconid  angle 
showed  a  mean  that  was  significantly  lower  than  the  metaconid  and  hypoconid 
means  and  significantly  higher  than  the  entaeonid  means  for  both  enamel  and 
dentin  surfaces.  (See  Table  I.)  On  both  the  dentino-enamel  junction  and  on 
the  completed  enamel  surface,  therefore,  the  apex  of  the  entaeonid  projects 
sharply  distolingually  from  the  rest  of  the  body  of  the  tooth. 


Table  I 

Means  and  Standard  DEvi.vnoNS  of  the  Angles  Formed  by  the  Clspal  Apices 
ON  THE  Enamel  and  Dentin  Surfaces 


APICAL  ANGLE 

MEAN 

1  S.D.  1 

V. 

Enamel 

Protoconid 

92.8  ±  1.14 

±12.03 

±13.0 

Metaconid 

94.1  ±  1.07 

±11.28 

±12.0 

Entaeonid 

74.3  ±  .95 

±10.04 

±1.3.4 

Hypoconid 

Dentin 

95.1  ±  1.09 

±11.43 

±12.0 

Protoconid 

92.0  ±  1.33 

±12.76 

±13.9 

Metaconid 

98.3  ±  1.22 

±11.79 

±12.0 

Entaeonid 

70.9  ±  1.04 

±  9.98 

±14.1 

Hypoconid 

98.4  ±  1.23 

±11.89 

±12.1 

The  mean  difference  between  the  entaeonid  angles  on  the  enamel  and 
dentin  surfaces  of  the  same  tooth  was  6°.  Of  42  teeth  measured,  26  showed 
increases  of  the  enamel  angles  over  the  dentin  angles  at  the  entaeonid,  13  showed 
decreases,  and  3  showed  no  change.  For  the  protoconid  angles  the  mean 
difference  was  9°,  with  26  showing  increases  of  the  enamel  angles  over  the 
dentin  angles  (mean  increase  of  9.9°).  Thirteen  teeth  showed  mean  decreases 
in  the  enamel  angles  of  7.3°.  The  hypoconid  shows  a  greater  tendency  for  a 
decrease  in  the  enamel  angle  as  compared  with  the  dentin  angle.  Twenty-three 
teeth  showed  a  mean  decrease  of  9°,  w’hile  17  teeth  show’ed  an  average  increase 
of  5.6°.  The  total  mean  change  in  enamel  hypoconid  angle  compared  with  the 
dentin  hypoconid  angle  was  7.5°.  With  regard  to  the  metaconid  angle,  there 
is  an  even  greater  tendency  toward  decrease  of  the  enamel  angle,  25  teeth 
having  a  mean  decrease  of  9.2°,  Only  14  teeth  showed  enamel  angle  increases, 
with  a  mean  of  13.3°.  The  total  mean  change  for  the  metaconid  angle  was  10.7°. 

To  sum  up,  there  is  less  change  (hence  greater  correspondence)  in  the 
topical  relationship  of  the  entaeonid  apex  to  the  apices  of  its  2  adjacent  cusps, 
comparing  its  enamel  and  dentinal  components,  than  of  any  other  cuspal  apex. 
The  enamel  entaeonid  and  protoconid  angles  are  twice  as  likely  to  show  in¬ 
creases  over  the  dentin  entaeonid  angles  as  to  show  decreases.  The  enamel 
metaconid  and  hypoconid  angles,  on  the  other  hand,  are  twice  as  likely  to  show 
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deoreasos  as  compared  with  their  dentinal  counterparts.  The  greatest  dif¬ 
ferentiation  in  aiiRulation  between  enamel  and  dentin  apices  occurs  in  the 
metaconid  (10.7°),  next  in  the  protoconid  (9.0°),  and  third  in  the  hypoconid 
(7.5°).  With  respeet  to  the  relative  position  of  the  euspal  apices,  then,  the 
correspondence  between  enamel  surface  and  dentino-enamel  junction  is  greatest 
at  the  distolingual  ])ortion  of  the  tooth. 

The  4  straight  lines  conneeting  the  euspal  apices  of  both  enamel  and 
dentin  surfaces  form  what  might  be  called  apical  perimeters.  Each  enamel 
perimeter  is  larger  than  its  respective  dentin  perimeter.  The  mean  enamel 
perimeter  is  21.44  mm.;  the  mean  dentin  perimeter  is  18.86  mm.  The  very  low 
probable  errors  of  both  means  indicate  almost  an  impossibility  (^^=  ) 

that  the  dentin  perimeter  would  ever  exceed  its  enamel  perimeter.  Both 
absolutely  and  relatively  the  deviation  from  the  mean  perimeter  for  the  enamel 
was  less  than  for  the  dentin. 

Table  II  reveals  eertain  interesting  correspondenees  between  the  enamel 
and  dentin  apical  dimensions.  By  eomputing  for  eaeh  tooth  the  relationship 
of  a  single  diameter,  the  hypoeonid-entaconid  diameter  for  example,  to  the 

apical  perimeter  of  that  tooth  we  arrive  at  an  index  (  ^*~api^i'~^rtoeter  ^ 
by  which  we  may  compare  relative  distances  between  the  enamel  and  the  dentin 
euspal  apices.  The  means  and  standard  deviations  for  these  indices  are  presented 
in  Table  II.  For  both  the  enamel  and  dentin  cusps  the  hypoeonid-entaconid 
apical  diameter  is  significantly  the  larger,  while  the  protoeonid-hypoconid 
diameter  is  significantly  the  smaller.  Moreover,  the  correspondence  between 
enamel  and  dentin  surfaces  in  the  re.spective  values  of  all  4  hi-apical  indices 
is  strikingly  high,  the  greatest  difference — .82 — occurring  for  the  protoconid- 
metaconid  diameter. 


Table  II 


Mkaxs  and  Standard  Deviations  of  Enamel  and  Dentin  Bi-apical  Dimensions, 

Bi-apical  diameter  X  100 


Expressed  in  Terms  or  the  Index: 


Apical  perimeter 


BI-APICAL  DIMENSION  | 

RANGE 

1  MEAN  1 

1 

V. 

Enamel 

Hypoeonid-entaconid 

25.4-30.9 

28.7 

±  .12 

±1.27 

±4.43 

Protoconid-metaconid 

20.7-29.6 

24.1 

±  .17 

±1.83 

±7.6 

Protoeonid-hypoconid 

17.3-24.7 

20.9 

±  .16 

±1.70 

±8.14 

Metaconid-entaeonid 

20.6-29.3 

26.2 

±  .18 

±1.94 

±7.42 

Dentin 

Hypoeonid-entaconid 

24.0-31.4 

28.3 

±  .14 

±1.45 

±5.13 

Protoconid-metaconid 

18.8-28.6 

23.3 

±  .19 

±1.98 

±8.5 

Protoeonid-hypoconid 

17.0-24.8 

21.6 

±  .15 

±1.58 

±7.32 

Metaconid-entaeonid 

19.6-31.6 

26.6 

±  .23 

±2.40 

±9.0 

When  the  apical  dimensions  are  compaml  directly,  enamel  to  dentin, 
significant  differences  are  found.  (Table  III.)  There  is  an  absolute  increase 
in  each  enamel  apical  dimension  over  that  of  its  respective  dentin  analogue. 
This  holds  not  only  for  the  means  but  for  each  pair  of  dimensions  on  each  tooth. 
The  greatest  mean  increase  is  shown  in  the  entaconid-hypoconid  diameter. 
This  means  that  the  enamel  entaconid  apex  and  the  enamel  hyimconid  apex 
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Table  III 

Mean  Absoute  Diekekenm'es  Between  the  RESPErTivE  Enamel  ani> 
Dentin  Bi-apioal  Diameters 


BI-APICAL  DIMENSION 

EN  A  M  ET,-  DENTIN 

DIFFERENCE  IN  MILLIMETERS 

RANGE 

MEAN 

1  S.D.  1 

V. 

Protoconid-ontaconid 

.2-1.9 

.89  ±  .OOfi 

±.0.17 

±4.2 

Protooonid-hvpoponid 

.1-1.2 

.40  ±  .00.1 

±.02.') 

±6.2 

Metaconid-entaponid 

.2-1. fi 

.60  ±  .004 

±.029 

±4.8 

Protoponid-nietaponid 

.1  2..‘1 

.7.1  ±  .006 

±.04.') 

±6.2 

Entaoonid-liypopoaid 

0.0  o 

.81  ±  .006 

±.042 

±.5.2 

lie  considerably  lingual 

and  buccal. 

rcsiicctivcl.v. 

to  their  ilentin 

analogues. 

The  next  fii’eatest  increase  is  found  in  the  protoconid-nietaconid  diameter. 
It  becames  apparent,  therefore,  that  enamel  frrowth,  whatever  its  mechanics, 
proceeds  in  such  a  manner  that  the  completed  enamel  apices  are  displaced 
linp:uo-buccally  more  than  mesiodistally  relative  to  their  dentin  analop:ues. 
However,  the  ultimate  jiosition  of  the  enamel  cuspal  apex  relative  to  its  dentin 
analogue  appears  to  be  a  vector,  the  result  of  differential  {jrowth  forces 
proceeding  in  2  directions.  For  the  entaconid  aiiex,  for  example,  there  appears 
to  be  a  differential  lingual  and  distal  enamel  growth.  A  final  explanation  of 
these  data  must  await  more  detailed  histological  examination. 

It  was  assumed  by  the  author  that  right  and  left  lower  first  molars  from 
the  same  jaw  would  show  greater  similarities  in  the  absolute  and  relative 
increases  of  enamel  bi-apical  diameters  over  the  corresponding  dentin  diameters 
than  would  teeth  drawn  from  different  jaws.  Such  was  not  uniformly  the 
case,  as  seen  in  Table  IV.  The  mean  difference  in  enamel  protoconid-nietaconid 
apical  diameters  between  left  and  right  molars  from  the  same  jaw  was  .44  mm., 
in  the  same  dentin  diameter  the  mean  difference  was  .4,5  mm.  For  the  meta- 
conid-entaconid  diameter  the  mean  difference  in  enamel  was  .52  mm.,  in  the 
dentin,  .39  mm. ;  for  the  entaconid-hypoconid  diameter,  .55  mm.  in  the  enamel, 
.65  mm.,  in  the  dentin ;  for  the  hypoconid-protoconid  diameter,  .53  mm.  in 
the  enamel,  .46  mm.  in  the  dentin;  and  for  the  diagonal  diameter,  the  proto- 
conid-entaconid  apical  distance,  the  enamel  difference  was  0.5  mm.  and  the 
dentin  0.6  mm.  When  these  differences  are  compared  with  the  mean  differences 
between  left  and  right  molars  taken  from  different  jaws  at  random,  it  is 
found  that  for  the  entaconid-hypoconid  and  hypoconid-protoconid  diameters 
on  both  enamel  and  dentin  surfaces  there  is  greater  similarity  between  molars 


Table  IV' 

Mean  Dikeekences  in  Enamel  and  Dentin  Bi-apical  Diameters  Between 
Paired  and  Unpaired  Left  and  Right  I,ower  First  Molars 


BI-APICAL  DIAMETERS 

ENAMEL  DIFFERENCES 

IN  MILLIMETERS 

DENTIN  DIFFERENCES 

IN  MILLIMETERS 

PAIRED 

1  UNPAIRED 

1  PAIRED 

1  UNPAIRED 

Protoconid-metaponid 

.44 

.68 

.45 

.63 

Metaponid-entaponid 

.52 

.59 

.39 

.71 

Entaconid-hypoconid 

..55 

.43 

.()5 

..52 

Hypw-onid-protoconid 

.53 

.41 

.46 

..34 

Protoconid-entaconid 

.50 

.71 

.59 

.69 
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from  different  jaws!  The  other  3  diameters  show  jtreater  similarity  in  the 
pain>d  teeth.  While  the  sample  from  which  these  data  are  derived  is  too 
small  to  warrant  any  statistical  reliance,  it  does  seem  to  indicate  that  for  the 
lower  first  molars  at  least,  growth  rate  as  measured  in  terms  of  dentino-enamel 
rclationshii)s  is  not  bilaterally  symmetrical,  and  su}f"ests  that  the  hexeditar>' 
determinants  of  enamel  fjrowth  may  have  unilateral  limitations. 

These  suggestions  are  further  home  out  by  comparing  pairs  of  molars 
from  the  same  jaw  with  pairs  of  molars  from  different  jaws  with  respect  to 
the  percentage  increase  of  the  enamel  over  the  dentin  bi-apical  diameter.  Com- 

put  mg  the  index, - Cdentm  bbaplcal  dia,r^ - ’ 

tooth,  the  difference  in  jiercentage  increase  for  each  pair  of  molars  (from  same 
and  different  jaws)  was  obtained.  Then  the  mean  difference  in  percentage  in¬ 
crease  for  the  15  paired  and  for  the  15  unpaired  molars  was  computed  for  each 
bi-apical  diameter.  (Table  V.)  Again,  while  we  might  expect  a  significantly 
smaller  difference  for  molars  from  the  same  jaw,  such  is  not  the  case.  Ap- 


Tabi.e  V 

Mean  Dikeekences  in  the  Relative  Enamel  Intrea.se  eok  Paired  and  Unpaired 
Molars  with  Respect  to  Bi-apical  Diameters 


BI-APICAL  DIAMETER 

MEAN  DIKKERENCE  IN 
INCREASE  IN  PER 

ENAMEL 

CENT 

PAIRED  TEETH  | 

CNPAIRED  TEETH 

Metaconid-entaconid 

5.3n 

4..53 

Protoconid-metaponid 

11.40 

8.16 

Entaconid-liypoconid 

6.99 

8.67 

Hypoponid-protoponid 

3.67 

3.90 

parently  the  relative  increase  in  enamel  growth  as  reflected  in  bi-apical  diam¬ 
eters  is  the  result  of  unilaterally  operative  growth  phenomena.  In  two  bi- 
apical  diameters  the  mean  difference  is  smaller  in  unpaired  molars.  The  small 
size  of  the  sample  again  precludes  positive  conclusions  but  strongly  suggests 
unilateral  growth  factors. 

On  the  basis  of  the  same  index  corroborative  evidence  for  the  greater 
linguo-buccal  displacement  of  the  cuspal  apices  is  brought  to  light.  Comput¬ 
ing  the  mean  relative  increase  of  enamel  for  each  bi-apical  diameter  of  the  30 
teeth  of  the  paired  series,  the  following  figures  are  obtained: 


BI-APICAL  DIAMETER 

MEAN  RELATIVE  INIREASE 

OF  ENAMEL  (PER  CENT) 

Hypoponid-protoconid 

8.0 

Metaconid-entaconid 

11.2 

Entaconid-hypoconid 

16.5 

Protoponid-metaconid 

15.6 

Both  linguo-buccal  bi-apical  diameters  show  significantly  greater  enamel  in¬ 
creases  over  the  anteroposterior  diametei-s.  The  hypoconid-protoconid  diam¬ 
eter  shows  the  least  relative  enamel  increase. 

Some  further  insight  into  the  nature  of  the  differences  lietween  enamel 
and  dentin  crowns  may  be  gained  by  an  examination  of  the  maximum  widths 
and  lengths  of  the  lower  first  molar  teeth.  The  mean  maximum  dimensions  and 
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their  pr()l)al)le  erroi-s  and  deviations  are  presented  in  Table  V.  The  inaxinnun 
width  and  len^rth  of  the  dentin  crown  are  equal.  These  i)roportions  are  altered, 
however,  on  the  enamel  crown,  where  the  niesiodistal  diameter  becomes  rela¬ 
tively  jjreater.  h\)r  each  of  the  50  molar  teeth  studied  the  enamel  length  was 
greater  than  the  enamel  width,  regardless  of  the  fact  that  for  some  the  dentin 
lenfjth  was  less  than  the  dentin  width.  The  difference  between  the  mean  enamel 
lenjrth  and  width  is  statistically  significant,  since  the  difference  between  the 
2  means  is  more  than  eleven  times  the  probable  error  of  that  difference.  A^ain, 
thoujfh  there  appear  to  he  differential  growth  forces  operative,  the  growth 
mechanism  has  not  yet  been  examined.  That  the  hereditary  factor  is  important 


Table  VI 

Maximi’m  Width  and  Lenotii  of  Kxamei,  and  Dentin  Ckowns  of 
50  UowEK  Fir.st  Molar  Teeth.  (In  .mii.limeters) 


DIMENSION  1 

RANGE  1 

MEAN  j 

S.D.  j 

V. 

Enamel 

Max.  I^iCngth 

10.2-12.9 

11.1  ±  .05 

±.5 

±4.9 

Max.  Width 

9.2-11.9 

10.3  ±  .05 

±.5 

±5.1 

Dentin 

Max.  Length 

7.9-10.3 

8.9  ±  .05 

±.6 

±6.4 

Max.  Width 

7.6-10.3 

8.9  ±  .06 

±.6 

±6.9 

seems  to  he  sufi^ested  by  the  consistency  of  the  "reater  enamel  increase  of  the 
cusp  dimensions  in  the  niesiodistal  jilane.  It  should  he  ])ointed  out  that  while 
the  maximum  enamel  crown  growth  is  in  the  niesiodistal  axis,  the  maximum 
enamel  apical  displacement  (relative  to  the  dentin  apical  positions)  is  in  the 
linguo-buccal  axis. 

A  final  consideration  is  the  absolute  and  relative  differences  between  the 
maximum  enamel  and  dentin  widths  (and  lengths)  for  each  molar  tooth.  The 
statistical  data  are  jiresented  in  Table  VII.  There  is  little  absolute  difference 
between  maximum  widths  and  lengths  in  this  characteristic,  the  mean  difference 
being  only  0.07  mm.  However,  in  terms  of  the  relative  difference — expres.sed 
as  the  ratio  of  enamel-dentin  difference  in  length  (or  width)  to  absolute  dentin 
length  (or  width) — we  find  that  the  mean  relative  increase  of  enamel  length 
is  26  per  cent  as  compared  with  the  mean  relative  increase  of  enamel  width 
of  16  per  cent.  In  other  words,  relative  to  the  dentin  crown  the  enamel  grows 
at  a  faster  rate  (or  longer)  in  the  niesiodistal  axis  than  in  the  linguo-buccal 
axis,  the  same  conclusion  reached  previously  on  slightly  different  grounds. 


Table  VII 

Absolute  and  Relative  Differences  Between  Enamel  and  Dentin  Crowns  of 
48  Lower  First  Molar  Teeth  in  Maximum  Width  and  Length 


DIMENSION  ^ 

RANGE 

1  MEAN 

1  S.D. 

1  (MM.) 

(%)  1 

1  (MM.) 

(Vr)  1 

1  (MM.) 

(%) 

Length 

.6-3.8 

1.5.7-41.7 

2.4 

±  .06 

26.1  ±  .7 

±.6 

±7.4 

Width 

.2-3.1 

6.5-37.4 

1.5 

±  .05 

16.2  ±  .6 

±.5 

±6.7 
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DISCUSSION 

An  interpretation  of  the  results  obtained  in  this  study  must  he  referred 
constantly  to  the  limitations  imposed  by  the  size  and  character  of  the  sample 
as  well  as  to  the  restricted  scope  of  the  investigation.  Inevitably,  in  this  type 
of  study,  many  more  problems'  are  posed  than  are  solved.  Since  the  teeth 
involved  are  those  of  a  prehistoric  Southw'estei-n  Indian  group  it  is  certainly 
(piestionable  whether  the  resultant  data  are  applicable  to  all  human  lower  first 
molar  teeth.  Further  sampling  is  re(|uired  for  confirmation. 

A  gross  morphologic  study  of  this  nature  can  not  he  truly  definitive  with¬ 
out  the  histologic  analysis  necessary  to  reveal  the  underlying  structural  charac¬ 
teristics  resi)onsit)le  for  the  observed  e.xternal  features.  Both  types  of  study 
cannot  he  undertaken  on  the  same  tooth.  Hence  a  miich  larger  sample  must 
he  worked  to  confirm  the  results  herein  set  forth.  With  such  confirmation, 
histologic  examination  of  other  teeth  drawn  from  the  same  population  can 
proceed  with  some  assurance  that  the  results  obtained  will  be  applicable  to  the 
gross  morphologic  findings. 

It  seems  apparent,  however,  from  the  present  results  that  there  is  no  precise 
metrical  or  topical  correspondence  between  the  cuspal  apices  of  the  enamel 
crown  and  their  dentin  homologues.  This  being  so,  there  is  no  possibility  of 
reconstructing  the  topography  of  the  enamel  occlusal  surface  from  the  pattern 
presented  by  the  dentino-enamel  junction  with  either  metrical  or  topical  pre¬ 
cision.  While  it  remains  true  that  there  is  a  certain  nonmetrical  correspondence 
(the  number  of  cusps  and  the  crown  pattern  in  general)  between  enamel  and 
dentin  occlusal  surfaces,  there  are  now  revealed  certain  patterns  wherein  the 
metrical  relationships  between  enamel  and  dentin  surfaces  and  crown  features 
differ. 

It  is  presumed  by  the  author  that  genetic  factors  are  operative  to  produce 
.such  constant  differences,  among  which  are  to  be  observed  the  predictable 
changes  in  enamel  crown  shape  and  the  greater  linguo-bueeal  displacement 
of  the  enamel  eusi)al  apices  relative  to  their  dentin  homologues.  These  genetic 
factors,  furthermore,  appear  to  be  unilaterally  independent,  since  the  ob.served 
traits  are  differentiated  to  the  same  degree  Indween  left  and  right  molai’s  taken 
from  the  same  jaw  as  between  lefts  and  rights  from  different  jaws.  Whether’ 
a  modified  genetic  field  concept  is  applicable  to  these  growth  phenomena  can 
only  be  determined  by  extension  of  this  type  of  study  to  unilateral  molar  rows. 

SrMM.VRY  .\ND  CONCLUSIONS 

Measurements  were  taken  of  enamel  and  dentin  cuspal  bi-apical  diameters 
on  50  lower  first  molar  teeth  taken  from  skeletons  of  i)rehistoric  Arizona  In¬ 
dians.  ^laximum  w’idths  and  lengths  on  both  enamel  and  dentin  crowns  were 
also  measured.  The  following  results  were  obtained : 

1.  On  both  enamel  and  dentin  surfaces  the  angk*  at  the  entaeonid  apex  was 
significantly,  the  smaller  of  the  4  apical  angles  (hypoconulid  was  not  considered 
in  this  study). 

2.  There  was  no  consistent  nor  constant  increase  or  decrease  in  the  enamel 
apical  angles  as  compared  with  the  dentin  apical  angles. 
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3.  There  was  fireater  correlation  in  anfiulation  between  enamel  and  dentin 
apices  at  the  entaconid. 

4.  The  enamel  apical  perimeter  was  consistently  larfjer  than  its  correspond¬ 
ing  dentin  perimeter,  and  both  relatively  and  absolutely  was  less  deviant  from 
the  mean. 

5.  For  both  enamel  and  dentin  surfaces,  the  hypoconid-entaconid  apical 
diameter  is  siprnificantly  the  larger  and  the  protoconid-hypoconid  diameter 
significantly  the  smaller. 

6.  The  protoconid-metaconid  and  hypoconid-entaconid  bi-apical  diameters 
show  the  greatest  increase,  both  absolute  and  relative,  in  enamel  over  dentin. 
The  enamel  a])ices  thus  show'  more  linguo-buceal  than  mesiodistal  displacement 
relative  to  their  dentin  homologues. 

7.  The  various  enamel  and  dentin  bi-apical  relationships  are  not  bilaterally 
symmetrical.  There  are  as  large  differences  lietween  paired  as  between  un¬ 
paired  lower  first  molars. 

8.  Cleans  of  the  maximum  crown  width  and  length  for  the  dentin  were  of 
the  same  magnitude,  but  for  the  enamel  the  mean  maximum  length  was  signifi¬ 
cantly  greater. 

It  is  suggested  that  the  metrical  and  topical  differences  between  the  enamel 
and  dentin  surfaces  are  the  expression  of  genetic  enamel  growth  factor's  which 
apparently  ojrerate  unilaterally.  Some  insight  into  the  nature  of  these  factors 
might  be  provided  by  histologic  examination. 

.  The  author  is  indeVjted  to  Ur.  A.  A.  Dahlberg,  Dental  Surgeon  (R)  United  States 
Public  Health  Service,  for  proposing  the  problem  of  enamel-dentin  relationship  and  suggest¬ 
ing  specifically  the  techniques  outlined  herein ;  also  to  Delbert  Fleck,  graduate  student  and 
dental  technician,  who  removed  the  enamel  and  aided  the  author  in  the  statistical  analyses 
and  in  checking  all  measurements. 
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TIIK  COHKKCTIVE  PREFECT  OF  PARATHYROID  HORMONE  ON 
GENETIC  ANOMALIES  IN  THE  DENTITION  AND  THE 
TIBIA  OF  THE  ia  RAT 

S.  X.  BHAHKAK,  I.  8(’H()UR,  K.  O.  GREEP,*  AND  J.  P.  WEINMAXX 

I  ft  part  mints  of  Ilistolot/y  and  Oral  Pathology,  University  of  Illinois  CoUeye  of  Dentistry, 
and*  Research  Laboratories,  Harvard  School  of  Dental  Medicine,  Boston,  Mass. 

The  ia  mutation  in  the  albino  rat  is  oharaeterized  by  a  retardation  of  re¬ 
sorption  of  bone  tissue  in  the  entire  skeleton  (hereditary  hypo-osteoclasis). 
As  a  consecpience,  the  developing  and  growing  bones  show  jjeneralized  osteo¬ 
sclerosis.  In  the  jaws,  the  lack  of  physiolopfie  resorption  of  the  alveolar  process 
leads  to  the  distortion  and  ankylosis  of  developing  teeth.  A  previous  study* 
showed  that  the  proliferation  and  differentiation  of  the  odontogenic  epithelium 
is  normal.  However,  as  the  tooth  germs  continue  to  grow,  but  become  increa.s- 
ingly  impinged  upon  by  nonresorbing  alveolar  process,  the  odontogenic  epi¬ 
thelium,  dentin,  enamel,  and  bone  accumulate  in  odontome-like  formations  and 
the  teeth  become  ankylosed  and  fail  to  erupt.  The  long  bones  are  nearly  normal 
in  their  shape  and  rate  of  growth,  but  show  osteosclerosis  which  is  especially 
marked  in  the  metaphyseal  and  epiphyseal  regions.- 

Since  it  was  established  that  the  primary  cause  of  the  abnormalities  of 
the  ia  skeleton  and  dentition  was  the  retardation  of  physiologic  resorption,  it 
was  decided  to  investigate  the  effect  of  the  administration  of  parathyroid  hor¬ 
mone  upon  the  ia  skeleton  and  alveolar  bone.  The  results  of  this  study  indicate 
that  the  anomalies  of  the  ia  mutation  can  be  corrected  by  timely  administration 
of  parathormone. 

METHOD  AND  MATERIAL 

This  study  is  based  on  the  roentgenologic  and  histologic  analysis  of  the 
teeth  with  their  supporting  structures  and  the  tibias  of  3  groups  of  ia  rats 
(Table  I). 

Group  A  consi.sted  of  17  untreated  ia  rats,  ranging  in  age  from  3  to  42  days. 
Group  R  consisted  of  eight  ia  rats,  ranging  in  age  from  8  to  15  days,  which 
received  7  daily  injections  of  10  to  25  international  units  (I.U.)  of  parathor¬ 
mone. 

Group  C  con.sisted  of  12  ia  rats,  37  to  45  days  of  age,  which  received  33  to 
39  daily  injections  of  10  to  25  international  units  (I.F.)  of  parathormone. 

The  administration  of  the  hormone  in  Groups  B  and  G  was  started  between 
the  second  and  ninth  day  after  birth. 

Bisected  heads  and  the  tibias  were  radiographed,  decalcified,  embedded  in 
celloidin,  sectioned  serially  and  stained  with  hematoxylin  and  eosin.  Some  se¬ 
lected  sections  were  stained  with  Mallory’s  connective  tis.sue  stain  and  Gomori  s 
silver  impregnation  method. 

This  investigation  was  supported  in  part  by  a  research  grant  from  the  National  Cancer 
Institute  of  the  National  Institutes  of  Health,  Public  Health  Service. 

Presented  at  Twenty-Eighth  Annual  Meeting  of  the  International  Association  for  Dental 
Research,  French  Lick,  Indiana  Harbor,  March  24-26,  1950,  (J.  D.  Res.  29:  673,  1930.) 

Received  for  publication  Dec.  10,  1951. 


257 


HHASKAH,  SCHOI  H,  (iKKKP,  AND  WKIN'MAN’N  J  P 

’  ’  April,  1952 

TKKTH  FINDINGS 

1.  lioentfienolof/ic  Observations. — 

GroHi>  untroatod  ia  rats  none  of  the  teeth  had  erupted.  In 

the  place  of  the  ineisoivs  and  niolai’s,  irrefjnJar  radioj)a(iiie  areas,  indicatiii}? 
pseudo-odontomes,  could  he  seen  (Ki«r.  1). 

Group  H:  The  animals  of  (Iroup  B  which  received  7  in.jections  of  the  para¬ 
thyroid  hormone  over  a  period  of  7  days  did  not  show  any  radiographically 
sifinificant  differences  from  the  untreated  ia  rats. 

Group  C:  In  this  frrouj)  the  ia  rats  received  to  39  injections  of  para¬ 
thormone.  They  showed  either  the  absence  or  a  reduction  in  the  size  of  the 
IKseudo-odontomes.  Althoufrh  the  odontome-like  formation  both  in  the  upper 
and  lower  jaws  showed  response  to  treatment,  the  most  striking  results  were 
obtained  in  the  rejiions  of  the  uiiper  incisors  and  molars. 

The  incisors  in  one  of  the  treated  ia  rats  of  Group  G  had  erupted  and  the 
teeth  showed  normal  periodontal  membrane  width  and  absence  of  the  odontomes 
(Compare  Figs.  1  and  2).  In  all  other  animals  of  Group  C  the  incisors  failed 
to  erupt.  However,  a  radiolucent  area,  absent  in  the  untreated  rats,  could  be 
seen  between  the  distorted  upper  incisors  and  the  alveolar  bone  ((^ompare  Figs. 
1  and  3).  In  addition,  the  odontomes  seemed  less  irregular  and  less  radiopa<}ue 
than  the  controls. 

The  molars  of  the  treated  ia  rats  of  Group  C  showed  a  partial  or  complete 
absence  of  odontomes.  Roots  had  partially  or  completely  formed.  A  perio¬ 
dontal  space  around  the  roots  could  be  seen.  With  the  exception  of  3  animals, 
which  received  the  parathyroid  hormone  beginning  at  9  days  of  age,  the  upper 
second  and  third  molars  had  erupted  in  every  case  (Figs.  2  and  3).  Some  of 
the  lower  second  and  third  molars  had  erupted  iu  3  animals  of  Group  B  which 
started  receiving  the  parathyroid  hormone  at  4  or  5  days  of  age.  In  this  group 
the  first  molars,  which  in  the  untreated  ia  rats  are  most  severely  affected,  show’ed 
a  partial  formation  of  their  roots.  They  had  erupted  in  three  animals  in  which 
the  treatment  had  begun  at  4  or  5  days  of  age  ( Fig.  2). 

2.  Histologic  Observations. — Since  the  histologic  as  well  as  the  roentgeno¬ 
logic  study  showed  that  the  effect  of  parathyroid  hormone  was  more  striking  in 
the  upper  than  in  the  lower  teeth,  only  the  changes  in  the  upper  incisors  and 
molars  will  be  pre.sented. 

Group  B:  Though  the  roentgenologic  findings  were  negative,  the  hi.sto- 
logic  .study  of  the  teeth  of  this  group  showed  that  the  ia  anomalies  were  far 
less  severe  than  in  (Jroui)  A  (untreated  ia  rats). 

Some  animals  were  treated  from  3  to  10  days  of  age.  The  corrective  effect 
of  the  hormone  was  more  marked  in  the  rats  which  started  receiving  the  hormone 
at  3  days  of  age  than  in  the  rats  in  which  administration  was  started  at  9  days. 
At  10  days  of  age  the  incisor  of  the  untreated  ia  rats  consisted  of  two  portions; 
The  incisal  tip  which  was  normally  developed;  and  the  basal  portion  w'hich 
showed  an  irregular  arrangement  of  enamel,  dentin,  alveolar  bone  and  pulp 
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(Fig.  6).  The  odontogenic  epithelium  was  folded  and  had  proliferated  into 
the  hone  marrow  spaces  and  had  induced  the  formation  of  dentin  and  enamel 
( pseudo-odontome ) , 

In  the  incisor  of  the  ia  rats  treated  from  3  to  10  days  of  age,  a  third  portion 
could  be  distinguished  at  the  basal  third  of  the  incisor  (Fig.  7).  Here,  the 
odontogenic  epithelium,  dentin,  and  enamel  had  developed  normally.  Unlike 
the  untreated  rats,  the  epithelium  of  the  germinative  end  was  unbroken. 
Whereas  in  the  untreated  animals,  bone  trabeculae  of  the  crypt  encroached 
upon  the  distorted  portion  of  the  incisor,  in  the  treated  animal  a  periwlontal 
membrane  intervened  between  the  tooth  germ  and  the  surrounding  bone.  The 
side  of  the  bone  trabeculae  facing  the  incisor  showed  resorption  by  ostewla.sts. 


Fig.  1. — Roentgenogram  of  bisecte*!  head  of  untreated  ia  rat  42  days  of  age.  Note  odon- 
tonie  in  region  of  upper  incisors.  None  of  moiars  have  erupted. 

Fig.  2. — Roentgenogram  of  bisected  head  of  treated  ia  rat  37  days  of  age.  Injections  of 
parathormone  were  started  at  5  days  and  animal  receiveil  total  dosage  of  690  I.  U.  Note 
that  Incisor  and  all  molars  have  erupted. 

Fig.  3. — Roentgenogram  of  bisected  head  of  treated  ia  rat  43  days  of  age.  Note  re¬ 
duction  in  irregularity  of  odontome  in  upper  incisor  region.  .Anteroposterior  length  of  dis¬ 
torted  upijer  incisor  is  longer  than  in  control  ( Fig.  1 ) .  and  around  upper  incisor  radiolucent 
area  is  seen.  Upper  second  and  third  molars  have  erupted. 

Figs.  4  and  5. — Roentgenograms  of  posterior  extremities  of  an  untreated  (Fig.  4)  ia  and 
a  treated  ia  littermate  (Fig.  5)  42  days  of  age.  The  administration  of  parathormone  in  latter 
animal  was  started  at  9  days  and  it  received  total  dosage  of  655  I.  U.  Note  the  radiopaque 
areas  in  the  metaphyses  of  the  untreated  tibia  and  femur.  In  treated  littermate  long  bones 
appear  almost  normal. 


Other  animals  were  treated  from  9  to  15  days  of  a^e.  In  the  animals  of 
Oroup  B  which  started  receivinj;  parathyroid  hormone  at  9  days  of  age,  and 
which  w'ere  sacrificed  at  15  days,  the  changes  were  less  striking.  As  compared 
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with  the  untreated  rats,  the  incisor  teeth  of  these  animals  were  less  distorted 
and  the  odontogenic  epithelium  showed  si^ns  of  normal  or^janization  (Compare 
Figs.  8  and  9).  However,  the  periodontal  membrane  and  the  bony  crypt  were 
not  as  well  organized  as  in  the  animals  which  started  receiving  the  parathyroid 
hormone  at  3  days  of  age.  Bone  resor])tion  was  in  progress. 

The  first  and  second  molars  in  this  group  were  less  distorted  than  those  of 
untreated  rats.  The  third  molar  tooth  germs  were  not  distorted,  since  even 
in  the  untreated  ia  rats  the  distortion  of  the  odontogenic  epithelium  of  the  third 
molar  does  not  begin  till  about  20  days  of  age. 

Group  C:  The  upi)er  incisors  of  one  of  the  rats  which  started  reeeiving 
injections  of  parathyroid  hormone  at  5  days  of  age  had  erupted  (Compare  Figs. 
10  and  11).  Except  for  their  shape  these  teeth  were  normal  in  all  respects. 
Their  curvature  was  flatter  than  normal,  and  the  incisal  tips  were  distorted. 
The  distorted  incisal  tips  were  apparently  the  portions  of  the  teeth  which  de- 
veloj)ed  before  the  administration  of  the  hormone  was  begun.  The  pattern  of 
apposition  and  resorption  of  the  alveolar  bone  was  normal.  On  the  concave 
side  the  premaxillary  part  of  the  alveolar  bone  showed  bone  apposition.  The 
part  of  the  alveolus  which  was  formed  by  the  maxilla  and  which  faced  the 
pulpal  oi)ening  showed  bone  resorption.  On  the  convex  side  the  premaxillary 
part  of  the  alveolus  showed  bone  resorption  and  the  maxillary  part  showed 
apposition  of  bone.  The  periodontal  membrane  was  well  developed.  The  basal 
end  of  the  incisor  had  grown  into  the  maxilla,  but  not  to  the  same  degree  as 
would  be  expected  in  a  normal  incisor  of  the  same  age. 

In  other  animals  of  this  group  the  incisors  did  not  erupt.  However,  the 
distortion  of  the  incisors  was  less  and  the  anteroposterior  length  of  the  incisors 
was  greater  than  in  the  untreated  ia  rats. 

In  two  animals  of  Group  C,  all  the  upper  molars  had  fully  erupted  and 
their  roots  were  completely  formed  (Compare  Figs.*  12  and  13).  There  was 
a  normal  periodontal  membrane  and  the  surface  of  the  alveolar  bone  facing  the 
molars  showed  the  normal  pattern  of  apposition  and  resorption. 

In  7  animals  of  Group  C,  which  started  receiving  the  parathormone  at  4 
or  8  days  of  age,  only  the  second  and  third  molars  had  erupted  (Compare  Figs. 
12  and  14).  The  root  formation  of  these  teeth  was  either  completed  or  in  the 
process  of  completion.  Although  the  roots  were  sometimes  short,  the  wddth 
and  structure  of  the  ])eriodontal  membrane  were  normal  (Fig.  14).  The  un¬ 
erupted  fix's!  molai-s  in  these  animals  showed  much  less  distortion  than  in  the 


Fig-.  6. — Untreated  ia  rat  10  days  of  age.  Note  that  the  distorted  upper  incisor  has  es- 
sentiaily  two  parts :  anterior  undistorte<i  and  posterior  part  which  is  compieteiy  disorganized. 
X21. 

Fig.  7. — Treated  ia  rat  10  days  of  age.  Note  that  upper  incisor  has  parts.  Anterior 
undistorted  region,  middie  region  of  (iistortion,  and  posterior  undistorted  area  where  odonto¬ 
genic  epithelium  is  growing  normally.  Note  calcio-traumatic  bands  in  incisal  dentin.  X21. 

Figs.  8  and  9. — Untreated  to  (Fig.  8)  and  treated  ia  (Fig.  9)  littermates  15  days  of  age. 
In  Fig.  9  upper  incisor  shows  better  organization  and  much  less  distortion  than  in  Fig.  8.  X21. 

Fig.  10. — I'ntreated  ia  rat  37  days  of  age.  Note  the  distortion  of  the  upper  incisor  and  re¬ 
sulting  odontome.  X21. 

Fig.  11. — Treated  ia  littemiate  of  the  animal  shown  in  Fig.  10.  Treatment  was  started 
at  5  days  and  a  total  dosage  of  690  1.  U.  was  griven.  Note  absence  of  odontome,  normal  perio¬ 
dontal  membrane  and  the  eruption  of  the  upper  incisor.  The  slightly  distorted  incisal  tip  is 
the  tooth  structure  formed  prior  to  the  treatment.  XlO. 
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untreated  rats.  Whereas,  in  the  untreated  ia  rats  the  first  molars  showed  no 
signs  of  root  formation,  it  had  started  in  the  above  mentioned  seven  animals 
and  short,  irregular  roots  could  be  seen.  Bone  tissue  around  the  cervical  and 
apical  parts  of  teeth  w'as  undergoing  resorption.  A  periodontal  membrane 
absent  in  the  untreated  ia  rats,  had  formed  between  the  alveolar  bone  and  the 
roots. 

In  the  remaining  3  animals  of  Group  C,  which  started  receiving  para¬ 
thormone  at  9  days  of  age,  none  of  the  molars  had  completely  erupted.  How¬ 
ever,  the  distortion  of  their  odontogenic  epithelium  and  tooth  structure  was 
much  less  marked  than  in  the  untreated  littermates  (Compare  Figs.  12  and  15). 
The  root  formation  of  all  molars,  though  distorted,  had  begun  and  the  teeth  had 
started  their  eruptive  movement  toward  the  oral  .cavity.  In  some  cases,  the 
second  molars  had  just  pierced  the  oral  epithelium  (Fig.  15). 

It  is  evident  that  although  all  the  animals  in  this  group  received  approxi¬ 
mately  the  same  amount  of  parathyroid  hormone,  the  changes  were  more  marked 
in  the  animals  in  w’hich  the  administration  was  started  at  the  age  of  4  or  5  days 
than  in  those  which  first  received  the  hormone  at  8  or  9  days  of  age. 

Dentin. — The  incisal  as  well  as  the  molar  dentin  formed  during  the  ad¬ 
ministration  of  parathormone  show'ed  the  characteristic  calciotraumatic  re¬ 
sponse^  (Fig.  7).  It  consisted  of  alternating  bands  of  hypo-  and  hyper-calcifica¬ 
tion,  and  their  number  corresponded  to  the  number  of  injections  given. 

TIBIA  FINDINGS 

1.  Roentgenologic  Observations. — 

Group  A:  The  tibia  of  the  untreated  ia  rats  showed  dense  areas  of  radi- 
opacity  in  the  metaphyseal  and  epiphyseal  regions  (Fig.  4). 

Group  B:  Treated  ia  rats  of  Group  B  did  not  show’  any  roentgenologically 
discernible  difference  from  the  untreated  ia  littermate  controls. 

Group  C:  In  the  animals  of  Group  C  the  radiopaque  areas  in  the  proximal 
and  distal  metaphyses  and  epiphyses  had  either  disappeared  or  were  markedly 
reduced  in  density  (Fig.  5). 

2.  Histologic  Observations. — 

Group  A:  The  epiphyseal  and  metaphyseal  regions  of  the  untreated  tibia 
showed  an  absence  of  resorption  of  the  bony  trabeculae  and  the  resulting  osteo¬ 
sclerosis  (Fig.  16). 

‘  Group  B:  The  tibia  of  the  treated  rats  of  Group  B,  as  compared  w’ith  that 
'  of  the  untreated  littermates,  did  not  show’  any  reduction  in  the  number  or  size 
of  the  trabeculae  in  the  metaphyseal  or  epiphyseal  regions.  However,  there 
w'as  a  very  marked  change  in  the  cellular  elements  of  the  marrow’.  As  com¬ 
pared  with  the  untreated  ia  rats,  the  hemopoietic  cells  were  markedly  reduced 
in  number  and  in  their  place  masses  of  spindle  cells  could  be  seen  (Compare 
Figs.  16  and  17).  These  spindle  cells  filled  the  areas  between  the  bone  tra¬ 
beculae  of  the  primary  spongiosa.  On  a  morphologic  basis,  the  osteoblasts  which 
can  easily  be  differentiated  from  the  surrounding  cells  in  the  untreated  ia  rats 
could  not  be  differentiated  from  the  surrounding  spindle  cells  in  the  treated 
rats. 
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Group  C:  The  tibia  of  the  rats  in  (Jroup  (’  showed  a  marked  reduction 
in  the  amount  of  osteosclerosis.  In  the  rejrion  of  the  epiphyses  the  number  of 
bony  trabeculae  was  markedly  reduced.  The  few  trabeculae  present  were  much 
thicker  than  normal  ((.\)mpare  Fijjs.  18  and  19). 

In  the  refsion  of  the  metaphyses,  the  lenjrth  and  number  of  the  bony  tra¬ 
beculae  were  considerably  reduced,  but  they  were  thicker  than  those  seen  in  the 
untreated  littermate  controls.  Numerous  osteoclasts  could  he  seen  around  the 
trabeculae  of  the  primary  spoufjiosa  and  resorption  of  bone  was  in  progress. 

In  addition  to  the  internal  resorption  of  bone  tissue,  modeling  resorption, 
absent  in  the  untreated  rats,  could  be  seen  in  tibias  of  (Iroup  (\  The  pattern 
of  resorption,  which  occurred  on  the  posterior  surface  of  the  proximal  end  and 
anterior  surface  of  the  distal  end  of  the  tibia,  was  normal.  The  changes  in  the 
cellular  elements  of  the  marrow  were  less  striking  than  those  seen  in  (Jroup  B. 
However,  the  hemopoietic  cells  in  the  metaphyseal  region  of  the  tibias  of  (Jroup 
C  were  fewer  in  number  than  in  the  litermate  controls.  The  spindle  shaped  cells 
described  earlier  were  still  present  but  not  in  as  great  numbers  as  seen  in 
(Iroup  B. 

DISCISSION 

1.  Effect  of  Parathyroid  Hormone  on  the  ia  Anomalies. — The  administra¬ 
tion  of  parathyroid  hormone  to  ia  rats  resulted  in  a  reduction  of  the  incidence 
and  severity  of  the  genetically  induce<I  anomalies.  The  number  and  size  of 
the  pseudo-odontomes  in  the  treated  rats  were  much  smaller,  and  cruj^tion  of 
the  molars  occurred  in  many  cases.  Even  the  inci.soi-s  w’hich  are  most  severely 
affected  in  ia  rats  erupted  in  one  treated  rat  wdiich  started  receiving  the  in¬ 
jections  at  5  days  of  age,  and  which  received  the  highe.st  total  dosage  of  para¬ 
thormone  (690  I.U.). 

The  tibia  of  the  treated  rats  of  (Jroup  C  approached  the  normal  in  its  ex¬ 
ternal  and  internal  structure.  The  modeling  resorption  could  be  seen  in  those 
areas  where  it  normally  occurs,  and  the  number  and  size  of  the  primaiw" 
spongiosa  in  the  metaphyses  and  epiphyses  approximated  the  normal. 

2.  Time  Factor  in  Relation  to  the  Effect  of  Parathyroid  Hormone. — The 
present  study  showed  that  the  effect  of  parathyroid  hormone  varied  with  the 
age  at  which  the  administration  w^as  started.  Thus,  in  fJroup  B  in  which  all 
the  ia  rats  received  about  the  same  amount  of  parathyroid  hormone  over  the 
same  period  of  time,  the  incisors  developed  more  normally  in  the  animals  in 
which  the  administration  was  started  at  3  days  instead  of  9  days  of  life.  Simi¬ 
larly  in  (Jroup  C,  in  which  all  the  ia  rats  received  about  the  same  amount  of 
hormone,  teeth  erupted  mostly  in  those  animals  in  which  the  administration 
was  started  at  about  5  instead  of  9  days  of  age.  In  the  ia  rats  the  distortion 
and  the  ankylosis  of  the  teeth  become  increasingly  severe  with  age.  Therefore, 
the  earlier  the  administration  of  jiarathyroid  hormone  is  started,  the  more 
normal  is  the  development  of  the  teeth. 

3.  The  Effect  of  Parathormone  on  Hone  Tissue  of  ia  Rats  and  Grey-Lethal 
Mice. — A  mutation  (grey-lethal)  in  mice  similar  to  the  ia  rats  has  been  described 
by  (jriineberg.*  Barnicot®  studied  the  effect  of  parathyroid  hormone  on  the 
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Fig.  16. — Photomicrograph  showing  cells  of  bone  marrow  in  metaphyseal  region  of  tibia 
of  untreated  ta  rat  10  days  of  age.  Note  osteoblasts  lining  bone  trabeculae  and  hemopoietic  cells 
in  intertrabwular  spaces.  X350. 

Fig.  17. — Photomicrograph  showing  cellular  elements  of  marrow  in  metaphyseal  region 
of  tibia  of  treated  ia  rat,  littermate  of  animal  shown  in  Fig.  16.  Note  absence  of  hemopoietic 
cells  and  their  replacement  by  numerous  spindle  shaped  cells.  X350. 

Figs.  18  and  19. — Photomicrographs  of  proximal  end  of  tibia  in  untreated  ia  (Fig.  18) 
and  treated  io  littermate  (Fig.  19).  Note  reduction  in  number  and  increase  in  thickness  of 
bony  trabeculae  in  Fig.  19.  Modeling  resorption  absent  in  Fig.  18  can  be  seen  at  area  R 
in  Fig.  19. 
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skeleton  of  the  frrey-lethal  mice  but  did  not  observe  any  improvement  in  the 
dental  anomalies.  He  showed  that  when  2  injections  of  70  I.U./lOO  Gm.  of 
parathormone  were  administered  the  resorption  of  the  bone  tissue  was  not 
striking:,  l)ut  following  injections  of  7  such  doses  the  resorption  was  marked. 
He  showed  further  that  low  doses  (2  to  16  injections  of  20-35  I.U.  per  100  Gm. 
of  parathormone)  led  to  an  “osteoblast  phase”  and  building  up  of  hone  in  the 
grey-lethal  mice. 

Our  results  agree  only  in  part  with  those  observed  by  Barnicot.  In  the 
l>resent  study,  it  is  shown  that  in  the  early  stages  of  parathormone  treatment 
(7  injections)  there  was  neither  building  up  nor  breakdown  of  bone  tissue  in 
the  tibia.  On  the  other  hand,  resorption  of  bone  was  noted  in  the  bone  tissue 
of  the  dental  crypts.  In  animals  which  received  the  i)arathormone  over  a  longer 
period  of  time  (33  to  39  injections)  resorption  of  bone  occured  both  in  the  tibia 
and  around  the  teeth.  It  may  suggest,  therefore,  that  various  regions  of  the 
skeleton  are  not  equally  affected  by  small  doses  of  parathormone. 

The  present  investigation  also  shows  that  the  genetic  dental  anomalies  of 
the  Iff  mutation  are  curable  provided  the  treatment  is  started  prior  to  the  ir¬ 
reversible  ankylosis  between  the  tooth  and  the  surrounding  bone. 

The  discrepancy  between  the  results  reported  by  Barnicot  and  those  de¬ 
scribed  here  is  apparently  the  result  of  two  factors:  (a)  the  differences  in  the 
chronology  of  the  dental  development  in  the  mouse  and  the  rat,  and  (b)  the 
differences  in  age  at  which  the  administration  of  the  parathormone  was  started. 

Bhaskar,  Weinmann,  and  Schour®  showed  that  the  incisors,  first,  second, 
and  third  molars  of  the  albino  mouse  erupt  at  10,  15,  18,  and  28  days,  respec¬ 
tively.  Thus,  the  molars  erupt  from  4  to  7  days  earlier  in  the  mouse  than  in 
the  rat.  Since  the  most  favorable  effect  of  the  parathormone  is  obtained  by 
starting  the  treatment  early  in  the  development  of  the  teeth,  the  treatment  in 
the  mouse  would  have  to  be  started  4  to  7  days  earlier  than  in  the  rat  to  obtain 
comparable  results.  Whereas  in  the  present  experiment,  the  administration  of 
parathormone  in  the  rat  was  started  between  the  second  and  ninth  days  of  age, 
Barnicot  did  not  start  the  treatment  until  the  mice  were  6  to  11  days  old.  Thus, 
the  lack  of  improvement  in  the  dental  anomalies  reported  by  Barnicot  was  due 
to  a  relatively  late  administration  of  the  hormone. 

4.  Calcio-Traumatic  Response  of  the  ia  Dentin. — It  has  been  shown  that 
the  administration  of  parathormone*  results  in  a  characteristic  disturbance  in 
the  calcification  of  dentin  in  the  normal  rat.  This  experimental  disturbance  in 
the  dentin  has  been  called  the  calcio-traumatic  response,  and  it  consists  of  a 
sequence  of  a  hypo-  and  hyper-calcified  layer  of  dentin.  The  present  investiga¬ 
tion  shows  that  the  ia  dentin  is  in  this  respect  similar  to  the  normal  dentin. 

5.  Spindle  Cells. — The  present  investigation  has  shown  that  in  the  early 
stages  of  the  administration  of  parathormone  (Group  B)  the  bone  resorption 
did  not  occur  in  the  tibia,  but  the  hemopoietic  marrow  was  replaced  by  masses 
of  spindle  cells.  The  appearance  of  fusiform  or  spindle  cells  in  the  marrow 
following  the  injections  of  parathormone  has  been  reported  previously.®*  '•  ®  Re¬ 
garding  the  histogenesis  of  these  cells,  Heller,  McLean,  and  Bloom  have  sug- 
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gested  that  they  may  originate  from  osteoblast,  liberated  osteocytes,  reticular 
cells,  and  osteoclasts.  Barnicot®  and  Selye^  regard  these  spindle  cells  as  trans¬ 
formed  osteoblasts.  Since  in  Group  B  of  the  present  investigation,  there  was 
neither  a  reduction  in  the  number  of  osteoclasts,  nor  any  destruction  of  bone 
in  the  tibia,  the  origin  of  these  cells  from  the  breakdown  of  osteoclasts  or  liber¬ 
ated  osteocytes,  as  suggested  by  Heller,  McLean,  and  Bloom,  can  be  questioned. 
The  possibility  that  these  cells  originate  from  the  already  differentiated  osteo¬ 
blasts  may  be  ruled  out  on  the  basis  that  their  numbers  exceed  far  beyond  the 
number  of  osteoblasts  seen  in  untreated  controls.  The  most  likely  origin  of  these 
spindle  cells,  therefore,  is  the  reticular  or  undifferentiated  mesenchymal  cells 
of  the  bone  marrow.  Hancox®  has  shown  the  transformation  of  histiocytes  to 
osteoclasts.  It  is,  therefore,  probable  that  the  first  response  of  the  bone  marrow 
to  parathyroid  hormone  is  the  proliferation  of  reticular  or  spindle  cells  which 
later  differentiate  to  osteoclasts. 

6.  Selective  Effect  of  Parathyroid  Hormone. — Jaffe,  Bodansky  and  Blair'" 
showed  in  the  guinea  pig  that  the  rapidly  growing  bones  and  areas  of  rapid 
growth  in  the  same  bone  are  most  susceptible  to  resorption  in  experimental 
hyperi)arathyroidism.  That  the  alveolar  bone  of  the  molar  area  in  the  rat 
shows  more  severe  changes  following  injections  of  parathyroid  hormone  than 
the  incisor  region,  was  shown  by  Weinmann  and  Schour." 

In  Group  B  of  the  present  investigation,  it  was  found  that  the  bone  tissue 
in  the  upper  jaw  showed  resorption,  while  no  resorption  occurred  in  the  tibia. 
It  was  shown  further  that  the  corrective  effect  of  parathormone  on  the  dental 
anomalies  of  the  ia  rat  is  far  more  marked  in  the  molar  than  in  the  incisor 
region,  and  in  the  upper  than  in  the  lower  jaw.  These  findings  indicate  that 
different  bones  may  respond  differently  to  the  injections  of  parathormone. 
That  this  difference  is  due  only  to  the  differences  in  the  rates  of  growth  of 
bones  seems  doubtful. 

7.  The  Possible  Role  of  the  Parathyroid  Glands  in  the  ia  Mutation. — On 
the  basis  of  the  present  investigation  and  the  findings  of  Barnicot®  it  seems 
that  an  important  link  in  the  development  of  osteosclerosis  in  the  ia  rats  and 
grey-lethal  mice  is  a  retarded  development  or  dysfunction  of  the  parathyroid 
glands.  Recent  investigations  on  a  mutation  in  the  rabbit,  which  resembles 
the  ia  rats  and  grey-lethal  mice,  present  further  evidence  for  the  involvement 
of  the  parathyroid  glands. 

Pearce  and  Brown'*’ described  a  recessive,  lethal  mutation  in  the  rabbit 
which  is  characterized  by  hereditary  osteopetrosis  of  the  skeleton,  and  failure 
of  eruption  of  teeth.  These  animals  like  the  grey-lethal  mice  die  within  the 
fii’st  five  weeks  of  life  and  in  this  respect  do  not  resemble  the  ia  rats.  Histologic 
investigation  revealed  not  only  the  enlargement  of  the  parathyroid  glands  but 
the  formation  of  accessory  nodules'*  suggesting  a  state  of  hyperparathyroidism. 
On  the  other  hand  the  serum  calcium  was  found  to  be  low,  and  serum  phosphorus 
values  higher  than  normal,  indicating  hypoparathyroidism.'® 

Since  in  all  three  mutations  (grey-lethal,  ia,  osteopetrosis  of  rabbits)  the 
osteosclerosis  is  caused  by  a  lack  or  retardation  of  resorption  of  bone  rather 
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than  by  an  increased  bone  formation,  the  assumption  of  hypofunetion  of  the 
parathyroid  gland  seems  more  justified.  The  findings  of  a  hyi)erplasia  of  the 
parathyroid  gland,  as  observed  by  Pearce  in  rabbits,  might  reflect  a  futile 
attempt  to  compensate  for  a  (pialitative  deficiency  of  parathormone. 

Barnicot'®  by  reciprocal  bone  transplantations  between  the  normal  and 
grey-lethal  mice  has  shown  that  the  bone  tissue  of  the  gre.v-lethal  mice  is  normal, 
rjrey-lethal  bone  tissue  transiilanted  into  normal  animals  was  resorbed  and 
normal  bones  transplanted  into  gre.v-lethals  became  structurally  similar  to  the 
grey-lethal  Ixine  tissue.  From  these  exjieriments  Barnicot  concluded  that  the 
failure  of  bone  resorption  in  the  grey-lethal  mice  was  due  to  some  changes  in 
the  tissue  fluids  and  not  to  some  damage  of  the  bone  tissue  itself. 

Since  in  the  resorjition  of  bone  tissue  the  osteocla.sts  are  supposed  to  pro¬ 
duce  an  enzyme  for  the  dissolution  of  the  bone  matrix,  it  is  quite  possible  that 
the  ia  osteoclasts  either  lack  this  enzyme  or  require  a  higher  threshold  of  para¬ 
thormone  to  produce  this  enzyme. 

Table  I 

-Age,  Ni’mber  of  Injections  of  Parathormone,  Age  at  Start  of  the  Treatment,  Total 
Dosage  of  Hormone  Received  and  Number  of  Erupted  Teeth  in  17  ia  Controls 
AND  20  Treated  ia  Littermates 


FINDINGS 

.\GE  AT 

NUMBER 

NUMBER 

number 

SACRl- 

NUMBER 

AGE  AT 

TOTAL 

OF 

OP 

OF 

FICE 

OF  IN- 

START 

DOSAGE 

ERUPTED 

ERUPTED 

GROIP 

ANIMALS 

DAYS 

JECTIONS* 

DAYS 

I.U. 

INCLSORS 

MOI.ARS 

A 

3 

- 

- 

- 

- 

- 

9 

- 

- 

- 

- 

10 

- 

- 

- 

- 

- 

15 

- 

- 

_ 

- 

- 

37 

- 

- 

- 

- 

- 

42 

- 

- 

- 

- 

- 

B 

1 

8 

7 

2 

125 

- 

- 

10 

4 

3 

140 

- 

- 

15 

7 

9 

140 

- 

- 

C 

37 

33 

5 

690 

3 

12 

3 

42 

9 

655 

- 

- 

6 

43 

4 

655 

- 

4-7 

2 

45 

8 

615 

- 

3-4 

♦Treatment  consisted  of  daily  Injections  of  10,  15,  20  and  25  international  units  of  para- 
tliormone  Riven  in  proRressiveiy  increa.sinR  do.scs. 


SUMMARY  AND  COXCLUSIOXS 

1.  This  roentgenologic  and  hi.stologic  study  deals  with  the  effect  of  para¬ 
thormone  on  the  dentition  and  the  tibia  of  the  ia  rats  which  are  characterized 
by  hereditary  h.vpo-osteoclasis  and  failure  of  eruption  of  teeth.  Animals  were 
divided  into  three  groups — Group  A  consisted  of  17  ia  rats  which  were  used 
as  controls;  Group  B  of  8  ia  rats  which  were  given  7  injections  of  parathormone 
(total  dosage  140  I.  U.) ;  and  Group  C  of  12  ia  rats  which  received  33  to  39 
injections  of  jiarathormone  (total  dosage  615  to  690  I.  U.). 

2.  The  administration  of  parathormone  resulted  in  the  reduction  of  the 
incidence  and  severity  of  the  dental  anomalies,  p.seudo-odontomes,  and  in  most 
of  the  animals  of  Group  (',  in  the  eruption  of  teeth.  The  favorable  effect  of 
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parathormone  on  the  ia  dentition  was  correlated  with  the  amount  given  and 
the  time  at  which  the  administration  was  started.  The  animals  in  which  ad¬ 
ministration  was  started  early  and  continued  longest  showed  normal  develop¬ 
ment  and  eruption  of  the  largest  number  of  teeth. 

3.  Animals  receiving  7  injections  of  parathormone  did  not  show  reduction 
of  o.steosclerosis  in  the  tibia.  However,  there  was  a  marked  change  in  the 
cellular  elements  of  the  marrow.  Ma.s.ses  of  spindle  cells  were  seen  in  place 
of  hemopoietic  cells.  The  ia  rats  which  received  33  to  39  injections  of  para¬ 
thormone  showed  the  beginning  of  normal  modeling  resorption  and  marked 
reduction  of  the  osteosclerosis  in  the  metaphyses  and  epiphyses  of  the  tibia. 
The  number  of  spindle  cells  had  diminished. 


Fig.  20. — Camera  lucida  drawings  of  the  upper  incisors  and  proximal  ends  of  the  tibia  of 
normal,  in,  and  treated  ia  rats.  Note  the  corrective  effect  of  parathormone  on  the  in  anomalie.s. 


4.  The  investigation  demonstrates  the  corrective  effect  of  parathormone 
on  the  anomalies  of  the  ia  mutation  (Fig.  20)  and  thus  also  sheds  some  light 
on  the  mechanism  of  the  mutation. 

The  authors  wish  to  express  their  thanks  to  Profes.sor  Harry  Sicher  of  the  Loyola 
University  School  of  Dentistry  for  his  helpful  suggestions.  To  Mr.  William  Winn,  biologic 
photographer,  we  are  grateful  for  preparing  the  illustrations. 


RKFKREXCFJS 


1.  Schour,  I.,  Bha.skar,  S.  N.,  Creep,  R.  O.,  and  Weininann,  J.  P.:  Odontonie-like  Forina- 

tions  in  a  Mutant  Strain  of  Rats,  *-lm.  J.  Anat.  85;  73,  19411. 

2.  Bhaskar,  S.  N.,  Weinmann,  J.  P.,  Schour,  1..  and  Creep,  R.  O.:  The  Crowth  Pattern 

of  the  Tibia  in  Xorinal  and  ia  Rats,  -4»i.  J.  Anat.  86:  439,  19.')0. 

3.  Irving,  J.  T.,  Weininann,  J.  P.,  Schour,  1.,  and  Tweedy,  W.  R.:  Experimental  Studies 

in  Calcification.  IX.  The  Effect  of  Parathyroid  Extract  on  the  Dentin  and  Pulp 
of  the  Incisors  in  Normal  and  Nephrectomized  Rats.  ./.  D.  Rtg.  28:  369,  1949. 


270 


HHASKAR,  SmorR.  (JRKKP,  AND  WKTNMANX 


J.  D. 

April,  1952 


4.  Griineberg,  H.:  A  New  Sublethal  Color  Mutation  in  the  House  Mouse,  Proc.  Royal 

Soc.  H-No.  809  118;  321,  1935. 

5.  Barnieot,  N.  A.:  Some  Data  on  the  Effect  of  Parathormone  on  the  Greylethal  Mouse, 

.7.  Anat.  79:  83,  1945. 

6.  Bhaskar,  S.  N.,  Weinmann,  J.  P.,  and  Schour,  I.:  The  Dentition  and  the  Alveolar 

Bone  of  the  Albino  Mouse,  J.  1).  Res.  27:  755,  1948. 

7.  Selye,  H.:  On  the  Stimulation  of  New  Bone  Formation  with  Parathyroid  Extract 

and  Irradiated  Ergosterol,  Endocrinoloyy  16:  547,  1932. 

8.  Heller,  M.,  McLean,  F.  C.,  and  Bloom,  \V.:  Cellular  Transformations  in  Mammalian 

Bones  Induced  by  Parathyroid  Extract,  Am.  J.  Anat.  87:  315,  1950. 

9.  Hancox,  N.  M.;  On  the  Occurrence  In  Vitro  of  Cells  Resembling  Osteoclasts,  ,/. 

Physiol.  105:  66,  1946. 

10.  Jaffe,  H.  L.,  Bodansky,  A.,  ami  Blair,  ,T.  E. :  The  Sites  of  Decalcihcation  and  of  Bone 

Lesions  in  Experimental  Hyperparathyroidism,  .Arch.  Path.  12:  715,  1931. 

11.  Weinmann,  J.  P.,  and  Schour,  I.:  Experimental  Studies  in  Calcification.  HI.  The 

Effect  of  Parathyroid  Hormone  on  the  Alveolar  Bone  and  Teeth  of  the  Normal 
and  Rachitic  Rat,  .4  m.  J.  Path.  21:  857,  1945. 

12.  Pearce,  L.,  and  Brown,  W.  H.:  Hereditary  Osteopetrosis  of  the  Rabbit.  I.  General 

Features  and  Course  of  Disease;  Genetic  Aspect,  J.  Kxper.  Med.  88:  579,  1948. 

13.  Pearce.  L.:  Hereditary  Osteopetrosis  of  the  Rabbit.  III.  Pathologic  Observations; 

Skeletal  Abnormalities,  J.  Kxper.  Med.  92:  591,  1950. 

14.  Pearce,  L.:  Hereditary  Osteopetrosis  of  the  Raltbit.  IV.  Pathologic  Observations; 

General  Features,  ,7.  Kxper.  Med.  92:  601,  19.50. 

15.  Pearce,  L.;  Hereditary  Osteopetrosis  of  the  Rabbit.  11.  X-ray,  Hematologic  and 

Chemical  Observations,  .7.  Kxper.  Med.  88:  597,  1948. 

16.  Barnieot,  N.  A.:  Studies  on  the  Factors  Involved  in  Bone  Resorption,  .4m.  J.  .4nat. 

68:  497,  1941. 


TIIK  KFFECT  OF  ACTll  AND  CORTISONE  ON  THE  SODIFM 
AND  POTASSIFM  I.EVEES  OF  IIFMAN  SALIVA 

HAMUEL  DREIZKN,  D.D.H.,  WILLIAM  NIEDKKMEIEK,  B.S., 

ANN  I.  REED,  H.H.,  AND  TOM  I).  SPIES,  M.D. 

XorthwfKtt  rn  University  studies  in  nutrition  at  the  Hillman  Hospital,  Hirminyham,  Alabama. 
From  the  Hepartmi  nt  of  Nutrition  and  Metabolism,  Northwestern  University,  Uhieayo,  III. 

All  (MOLLS  and  tissue  fluids  contain  sodium  and  potassium.  Despite  the 
widespread  distribution  of  these  elements  and  the  changes  in  concentra¬ 
tion  which  may  occur  in  a  variety  of  metabolic  disorders,  the  physiologic  role 
of  sodium  and  potassium  is  not  yet  completely  undei-stood.  In  an  attempt  to 
elucidate  their  function  in  human  metabolism,  blood,  tissues,  and  excretions  are 
bciiifj  analyzed  for  these  elements  before,  during,  and  after  the  administration 
(d‘  various  therapeutic  agents  at  the  Nutrition  (Minic  of  the  Hillman  Hospital, 
Hirminfjham,  Alabama.  Like  others,  we  have  observed  that  the  adrenal  cortex 
exerts  a  profound  influence  on  the  metabolism  of  sodium  and  potassium.  Ab¬ 
normalities  of  adrenal  cortical  function  result  in  readily  detectable  changes  in 
the  blood  levels  of  these  elements.  Acute  adrenal  cortical  hypofunction  (crisis 
of  Addison’s  di.sease)  produces  a  decrease  in  serum  sodium  concentration  and 
an  increase  in  serum  pota.ssium  concentration.  Adrenal  cortical  hyperfunction 
((’ushinjj’s  syndrome)  is  usually  accompanied  by  a  decrease  in  the  serum  po¬ 
tassium  level  and  inconstantly  by  an  increase  in  the  serum  .sodium  content. 
The  administration  of  ACTH  or  cortisone  to  patients  with  adrenal  cortical  in¬ 
sufficiency  reverses  somewhat  the  changes  in  the  blood  levels  of  sodium  and 
l)otassium. 

Sodium  and  potassium  are  present  in  human  saliva  in  <piantities  which 
reflect  those  contained  in  the  circulatin"  blood.  This  relationship  is  not 
absolute.  It  may  be  limited  by  differences  in  the  permeability  of  the  .secretor>- 
cells  of  the  salivary  glands  to  the  various  ions  present  in  blood,  and  by  differ¬ 
ences  in  the  response  of  the  sidivary  inlands  to  different  stimuli  and  to  different 
intensities  of  the  same  stimulant.  The  sodium  and  potas.sium  concentrations 
in  rcstiiifr  and  stimulated  saliva  are  thus  characterized  by  a  high  decree  of 
individual  variation.  Indicative  of  this  variability  is  the  wide  ranjie  of  mean 
sodium  and  potassium  levels  found  in  restin"  human  saliva  by  (Mark  and 
Shell,'  Becks,*  and  ^lathis.*  These  consisted  of  51,  70,  and  30  m».  per  cent, 
resi)ectively,  for  sodium  and  63,  56,  and  71  m".  per  cent,  respectively,  for 
pota.ssium.  In  .stimulated  .saliva.  Brown  and  Klotz*  observed  values  which 
ranged  from  16.5  to  131  m».  i)er  cent  for  sodium  and  from  57  to  115  ni".  per 
cent  for  potassium. 

That  the  .saliva  concentrations  of  so<lium  and  imtassium  may  be  influenced 
by  the  adrenal  cortex  is  .su"j;ested  by  the  reports  of  (Irad,®  Frawley  and 
l’\)i'sham,®  and  Frawley  and  Thonr  who  observed  a  consistent  reduction  in 

This  study  was  supported  by  prants  from  the  Clayton  Foundation  for  Research. 
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the  sodium  potassium  ratio  in  unstimulatod  mixed  saliva  followinj?  the  ad¬ 
ministration  of  ACTII  or  desoxyeortieosterone  acetate  to  patients  with  adrenal 
cortical  hypofunction.  Because  of  the  consistency  of  this  reduction,  it  has 
been  recommended  as  a  basis  for  a  cortical  assay  technique."  It  thus  appears 
that  the  composition  of  human  saliva  may  lx*  under  hormonal  as  well  as  neural 
control.  Since  the  total  percentajte  of  inorsranic  salts  in  saliva  is  directly 
related  to  the  rate  of  secretion,”  it  seemed  of  interest  to  determine  whether 
the  saliva  sodium  and  potassium-repulatinjr  action  of  At'TH  and  synthetic 
cortisone  acetate  in  ca.ses  of  adrenal  cortical  hypofunction  is  independent  of 
the  rate  of  flow. 

.MATKRIAI,.S  AND  .MKTHODS 

Five  patients  with  a  sli<;ht  to  severe  defrree  of  acute  rheumatoid  arthritis 
were  selecte<i  for  this  stiuly.  This  jrroup  consisted  of  2  males  and  3  females, 
ranjrinw  in  age  from  31  to  65  years.  Three  of  these  patients  had  been  treated 
previously  with  ACTH  or  cortisone  and  on  each  wcasion  the  administration 
of  these  agents  had  resulted  in  a  prompt  though  temporary  remis.sion  of  the 
arthritic  symptoms. 

Samples  of  l)oth  resting  and  paraffln-stimulated  mixed  saliva  were  collected 
from  each  patient  at  8:00  a.ai.  and  at  1:00  p..m.  before,  during,  and  after  treat¬ 
ment  with  ACTH  or  cortisone.  The  pretreatment  period  consisted  of  5  days 
during  which  base  line  determinations  were  made.  The  period  of  therapy 
comprised  7  to  11  days  and  the  posttreatment  period,  6  to  12  days.  Patients 
M.  A.,  K.  H.,  and  O.  (J.  received  a  total  of  1,3(X),  1,625,  and  1,650  mg.  of  synthetic 
cortisone  acetate  respectively.  Patients  S.  B.  and  J.  I),  were  given  a  total 
of  750  and  1,000  mg.  of  ACTH,  respectively.  The  dosage  was  adjusted  from 
day  to  day  in  accordance  with  the  needs  of  each  patient  (Fig.  1).  The  hor¬ 
mones  were  injected  intramuscularly  in  divided  doses  (b.i.d.),  the  fii’st  shortly 
after  the  collection  of  the  morning  samples  of  saliva  and  the  second  6  hours 
later.  In  each  instance  the  administration  of  these  agents  was  terminated  when 
a  clinical  remis.sion  of  the  arthritic  symptoms  was  well  under  way.  The  clinical 
response  to  therapy  in  each  patient  was  similar  to  that  described  by  Spies  and 
Stone.’” 

The  morning  samj)les  of  saliva  were  obtained  before  breakfast  and  before 
brushing  the  teeth.  Each  patient  was  instructed  to  refrain  fnmi  taking  any 
other  medication  during  the  period  of  study.  No  restrictions  were  placed  on 
the  salt  intake  of  these  patients.  Sodium-  and  potassium-free  blocks  of  paraffin 
served  as  secretory  stimulants.  Each  morning  and  afternoon  sample  of  resting 
and  stimulated  saliva  consisted  of  approximately  5  c.e.  which  w’ere  collected 
in  specially  cleaned  Pyrex  tubes.  The  sodium  and  i)otassium  content  wms 
determined  by  flame  photometry.  Each  sample  of  saliva  was  centrifuged  and 
the  supernatant  liquid  diluted  until  it  contained  between  1  and  10  ppm  of 
sodium  or  potassium.  After  adding  the  internal  standard  element  (500  ppm 
15),  .sodium  and  pota.s.sium  analyses  were  performed  by  means  of  the  Perkin- 
Elmer  .Model  52-A  flame  ])hotometer.  In  making  these  determinations,  the 
general  procedure  of  Bills,  .McDonahl,  .\iedermeier,  and  Schwartz"  was  fol- 
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MEAN 

MEAN 

MEAN 

MEAN 

NA 

Na 

K 

K 

PATIENT 

(R)* 

RANOE 

(s)t 

RANOE 

(R)* 

RANOE 

(H)t 

RANOE 

Prefreatmenf 

Values  (Mg.  Per  Cent) 

1.  M.  A. 

119.2 

00-19.') 

171.0 

10.")  205 

00.4 

.")1-7S 

05.S 

00- 7S 

2.  S.  H. 

2.’>.0 

IS  .14 

77.0 

.54  91 

111.0 

S5  125 

loo.s 

100-1  IS 

:i.  .1. 1). 

ao.;i 

1.')  01 

9.1.2 

00  111 

75.2 

01-S.") 

70.S 

.5S  si 

4.  ().(}. 

27.7 

2.1-.11 

.11.1 

29  .1.5 

79.1 

09  9S 

72.0 

0.5-70 

.1.  l{.  H. 

29.S 

21 -.IS 

52.2 

45  00 

S7.7 

74-100 

S1.0 

74  S9 

Values  Dvrinp  Therapy  (Mg.  Per 

<'ent ) 

1.  M.A. 

os.rt 

7)1  9.") 

141.4 

.10  190 

SO.l 

70  ss 

09.0 

01  71 

2.  S.  R 

42.0 

11 -.">0 

00.0 

.10  124 

11S.9 

10.1-1.11 

90.5 

01-109 

:i.  .1. 1). 

74.0 

.1S  im 

91.2 

09-101 

90.1 

.50  111 

91.2 

S9  100 

4.  (). «. 

21..") 

1.1  29 

29.0 

22.19 

72.1 

01-91 

71.1 

05  79 

5.  H.  H. 

.10.0 

21-40 

17.4 

20  .55 

S1.9 

71  95 

7S..5 

01  91 

Pn.st  treat  merit  Values  (Mg.  Per  Cent) 

1.  M.  A. 

04.2 

.').1-ss 

142.4 

40  ISO 

74.4 

00  SI 

00.1 

.5.5-70 

2.  S.  H. 

40.0 

.IS  01 

7.').0 

00  SO 

120.1 

no  145 

90.5 

SO  105 

r  1  l>. 

0S.7 

29-92 

90.0 

00-125 

S1.9 

5.1-110 

07.1 

.50  79 

4.  (). 

10..1 

11-2") 

1S.7 

IS  19 

7S.1 

71  S4 

77.0 

7.5- 7S 

.*1.  H.;i. 

.11..') 

2S  .IS 

4  4.1 

29-51 

72.0 

00-Sl 

70.7 

05-74 

•(Hi 

— KestliiK  saliva. 

t(S) — Stimulat(‘<l  saliva. 

l(mo<l  usiiifi  the  internal  Ktainlanl  tw*hni(|ue  of  BerrA*,  (’happel,  and  Barnes.'* 
The  observed  sodium  and  potassium  eontents  of  eaeh  siunple  were  ealeulated 
as  milli^rrams  jier  cent  and  milliecjuivalents  ])er  liter  of  saliva.  S<Klium/ 
po1as.sium  ratios  were  established  for  eaeh  sample  analyzed. 
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PATIENT 

MEAN 

NA 

1  (R)* 

RANOE 

MEAN 

NA 

(S)t 

RANOE 

MEAN 

K 

(K)* 

RANOE 

MFJtN 

K 

(S)t 

RANOE 

Pretreatment  Values  (Mg.  Per  Centj 

1.  M.  A. 

S2.0 

01-1  OS 

ISO.O 

175-195 

52.0 

48-00 

05.0 

05-05 

2.  S.  R 

20.1 

18-21 

00.1 

59-74 

131.3 

108-153 

124.3 

108- 1.11 

1.  .1. 1). 

27.7 

21 11 

77.7 

55-90 

79.0 

09-89 

79.0 

74  S4 

4.  0.(4. 

22.0 

18-20 

11.0 

11-31 

72.0 

71-73 

85.5 

80-91 

.5.  K.  H. 

22.0 

18-10 

51.7 

40  59 

77.3 

70-Sl 

80.3 

09-99 

Values  During  Therapy  (Mg.  Per  Cent) 

1.  M.  A. 

45.7 

22-01 

140.1 

118-171 

00.7 

4S-70 

08.4 

OO  75 

2.  S.  B. 

10.1 

12.5-19 

51.2 

40-00 

121.2 

100  110 

117.7 

111-121 

1.  .1. 1). 

11.7 

9-20 

57.1 

39-74 

103J) 

90-124 

80.5 

81-99 

4.  O.G. 

1.1.1 

5-21 

18.7 

14-31 

89.0 

74-112 

85.3 

70  91 

5.  R.  H. 

17.0 

10-15 

14.0 

19-49 

80.2 

03-94 

78.2 

71-81 

Posttreatment  Values  (Mg.  Per  Cent) 

1.  M.  A. 

18.2 

21-55 

140.1 

125-108 

50.1 

35-70 

08.3 

01-75 

2.  S.  B. 

21.9 

18-2S 

50.2 

30-70 

110.5 

71-15S 

114.2 

98-1.12 

1.  .1. 1). 

15.0 

19-50 

100.4 

00-125 

78.0 

71-89 

73.0 

03-84 

4.  ().  G. 

17.7 

14-25 

17.7 

15-19 

93.7 

SO  100 

85.5 

7  5-90 

5.  K.  H. 

28.0 

9-41 

42.0 

17-58 

77.8 

70-90 

83.0 

74-98 

•(R) 

— Resting  saliva. 

t(S) — Stimulated  saliva. 
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Thr  UehUivc  Voncent ration  of  Stnlintn  nml  I’otassium  in  Ilunuin  Whole 
Siilivo.  The  moan  so^lium  ami  potassium  lovols  of  tlio  morning  ami  aftormsm 
samplos  of  rostins:  a>nl  stimulato<l  saliva  <»f  oaoh  of  the  5  patients  before,  dur¬ 
ing  ami  after  treatment  with  At’TIl  or  synthetie  eortisone  are  shown  in  Tables 
I  ami  II.  The  mean  sodium  levels  of  unstimulattMl  morning;  saliva  exceeded 
those  of  unstinudated  afternoon  saliva  in  each  t»atient  durinjr  each  phas«-  of 
the  study.  A  similar  but  less  constant  relationship  was  observed  in  the  saliva 
obtaitied  by  ]>ai’aftin  stimulati«)n.  The  mean  sodium  values  of  stimulated  saliva 
were  considerably  hiffher  than  those  of  unstinudated  saliva  both  in  the  morninjr 
and  afteriKK))!.  In  contrast,  the  mean  potassium  levels  of  restitif;  sidiva  in 
each  pfdient  exeeede<l  those  of  stimulated  saliva  in  the  H;(K)  a..m.  samples.  The 
mean  potassium  levels  of  unstinudated  saliva  were  higher  than  the  mean  sodium 
levels  in  each  jiatient  in  both  the  mornint;  ami  afterma)?!  samples.  A  similar 
but  inconstant  trend  was  noted  for  stimulated  saliva. 

The  sodium  and  potas,sium  levels  of  each  saliva  sample  obtained  from  each 
patient  were  pooIe»l  and  analy^.ed  collectively  (Table  III).  It  will  be  note<l 
that  the  sodium  and  t)otas.sium  content  of  the  samples  extended  over  an  ex- 
cee<linfrly  wide  raiifje  before,  durinjr  and  after  treatment  with  A(*TH  or 
cortisone.  The  mean  potassium  content  of  the  entire  uroup  of  samples  of 
unstinudated  saliva  fjreatly  exceeded  that  of  sodium  both  in  the  inonunj;  and 
afternoon  during;  each  of  the  three  i)hases  of  study.  This  relationship  was 
not  observed  in  the  samples  of  stimulated  saliva  except  duriu"  the  periml  of 
treatment.  The  mean  sodium  levels  of  restinfj  and  stimulated  saliva  decreased 
duriiifr  treatment  with  AOTII  or  cortisone  and  increased  when  therapy  was 
discontinued.  These  chancres  were  of  a  greater  magnitude  in  the  afterncKm 
samples  than  in  the  morning  samt>les.  In  contrast,  there  was  a  .slight  increase 
in  the  mean  potassium  concentration  in  the  morning  and  afterncKm  samples 
of  unstinudated  saliva  without  a  corresponding  change  l)eing  noted  in  the 
samples  of  stimulated  saliva. 

The  Effect  of  Cortisone  or  ACTII  on  the  Retntive  (’oixeentration  of  Sodium 
and  Potassium  in  Human  Whole  Saliva. — The  administration  of  At’TH  or 
coHisone  resulted,  in  each  case,  in  a  general  decrease  in  the  mean  sodium  values 
of  stimulated  morning  saliva  and  of  both  unstimulated  and  stimulated  after¬ 
noon  saliva  as  contrasted  with  the  values  prevailing  during  the  pretreatment 
jH'riod.  In  most  instances,  the  mean  sodium  values  in  each  patient  increased 
toward,  or  even  exceeded,  the  pretreatment  levels  following  the  discontinuation 
of  therapy.  The  changes  in  the  potassium  values  during  the  perital  of  therapy 
were  not  as  consistent  nor  as  pronounced  as  those  for  sodium.  These  changes 
are  shown  in  Figs.  1  and  2. 

In  each  of  the  192  samples  of  unstinudated  saliva  and  192  samples  of 
stimulated  saliva,  the  potassium  concentration  greatly  exceeded  the  amount 
normally  present  in  blood  serum  or  plasma  (16  to  22  mg.  per  cent).  In  contrast, 
the  sodium  concentration  was  from  3  to  15  times  lower  in  saliva  than  in  bUxxl 
plasma  or  serum  (300  to  330  mg.  per  cent).'^  The  potassium  content  of  un- 
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stimulated  and  stimulated  morniuf;  and  afternoon  saliva  exceeded  that  of 
sodium  in  three  of  the  five  patients  before,  during  and  after  treatment  with 
ACTH  or  synthetic  cortisone  acetate.  In  one  patient  (J.  D.)  this  relationship 
prevailed  in  all  samples  of  unstimulated  saliva  but  was  reversed  in  the  morning 
and  afternoon  samples  of  .stimulated  saliva  obtained  during  the  pre-  and  post¬ 
treatment  periods.  The  sodium  content  of  unstimulated  and  stimulated  morning 
and  afternoon  saliva  in  the  fifth  patient  (^I.  A.)  exceeded  the  potas.sium  content 
with  the  exception  of  those  samples  of  unstiniulated  .saliva  collected  while  the 
patient  was  receiving  injections  of  cortisone. 

The  Effect  of  ACTH  or  Cortisone  on  the  Sodium /Potassium  Patio  of 
Human  M'hole  SaJiva. — The  effects  of  ACTH  and  cortisone  on  the  sodium/ 
potassium  ratios  of  the  morning  and  afternoon  samples  of  resting  and  stimulated 
saliva  are  shown  in  Pig.  3.  A  decreased  sodium/potassium  ratio  was  observed 
in  the  1 .00  p.m.  samples  of  resting  and  stimulated  saliva  in  each  of  the  5  patients 
Avho  received  either  ACTH  or  synthetic  cortisone  acetate  by  intramuscular 
injection.  Cessation  of  therapy  was  followed  by  a  change  in  the  sodium/ 
potassium  ratio  which  approached  pretreatment  levels.  In  one  patient  (IM.  A.) 
the  decreased  sodium/potassium  ratio  in  the  stimulated  saliva  was  very  slight. 
The  decrease  of  the  sodium/potassium  ratio  in  unstimulated  saliva  greatly 
exceeded  that  in  stimulated  saliva  in  each  patient.  No  consistent  changes  were 
noted  in  the  sodium/potassium  ratios  of  the  8:00  a.m.  samples  of  resting  or 
stimulated  saliva  of  the  patients  receiving  cortisone.  An  increased  sodium/ 
potassium  ratio  during  the  period  of  therapy  was  observed  in  the  morning 
.samples  of  unstimulated  saliva  of  the  two  patients,  J.  D.  and  S.  B.,  who 
received  ACTH.  These  ratios  failed  to  return  to  pretreatment  levels  through¬ 
out  the  posttreatment  period. 

With  but  9  exceptions,  the  sodium  content  of  the  192  samples  of  stimulated 
morning  and  afternoon  saliva  greatly  exceeded  that  of  the  samples  of  un¬ 
stimulated  saliva  collected  during  the  same  time  of  day  throughout  each  period 
of  study.  The  potassium  content  either  remained  of  the  same  order  of  magni¬ 
tude  or  underwent  a  slight  reduction  during  stimulation.  The  net  result  of 
stimulation  of  the  .salivary  glands  was  an  increase  in  the  rate  of  flow  charac¬ 
terized  by  an  increase  in  the  combined  percentage  of  sodium  and  potassium 
ions  present  in  each  sample.  This  increase  was  due  in  almost  all  instances  to 
the  increased  content  of  sodium.  The  decrease  in  the  sodium/potassium  ratios 
of  the  afternoon  samples  of  resting  and  stimulated  saliva  during  the  period 
of  administration  of  ACTH  or  cortisone  resulted  primarily  from  a  decrease 
of  the  sodium  content  of  the  samples  below  the  pretreatment  levels  without  a 
corresponding  change  in  the  potassium  values.  This  effect  w'as  not  observed 
in  the  .samples  of  resting  or  stimulated  morning  saliva  obtained  during  the 
treatment  period. 

SUMMARY  AND  CONCLUSIONS 

1.  The  rejieated  intramuscular  injection  of  pituitary  ACTH  or  synthetic 
cortisone  is  followed  by  definite  changes  in  the  concentration  of  sodium  in  the 
human  saliva.  The  sodium  level  of  resting  and  stimulated  saliva  declined 
within  4  hours  after  the  beginning  of  injections  in  each  of  the  5  subjects. 
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2.  Tlie  potassium  concentration  of  the  saliva  was  not  materially  altered 
following  the  injection  of  either  of  these  hormones  in  any  of  the  subjects  with 
the  result  that  there  was  a  decrease  in  the  sodium  potassium  ratio.  The 
decrease  of  the  sodium  potassium  ratio  was  greater  in  the  samples  of  resting 
saliva  as  contrasted  with  the  samples  of  stimulated  saliva.  This  diflference 
appears  related  to  the  difference  in  the  rate  of  flow. 

3.  The  potassium  content  greatly  exceeded  the  sodium  content  in  the 
samples  of  saliva  before,  during  and  after  treatment  with  either  ACTU  or 
synthetic  cortisone  acetate  (Table  III).  In  every  patient  the  ]>otassium  content 
of  the  saliva  exceeded  the  normal  bl(M)d  serum  or  pla.sma  value  for  this  element. 
In  contrast,  the  blood  sodium  content  in  each  patient  was  approximately  3  to 
15  times  as  great  as  the  sodium  concentration  of  the  saliva. 

4.  The  present  .studies  show'  that  saliva  is  not  an  ultrafiltrate  of  the  blood. 
The  secretory  cells  of  human  salivary  glands  possess  the  faculty  of  selecting 
and  concentrating  certain  blood  constituents  in  their  elaboration  of  saliva,  a 
process  which  is  under  hormonal  as  w'ell  as  neural  control. 
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AMMONIA  PHOnri’TION  AM)  THKASK  ACTIVITY  IN  SAI.IVA 
K.  M.  HALLANTYNE,  M.A.,  .T,  .T.  RAE,  Ph.D.,  AND  V.  H.  LAWFOKD.  IMi.D. 

Consiimer/i  Kesearch  Laboratories  Limited,  Toronto,  Canada,  and  Chemistrn  Hepartment, 

University  of  Toronto 

Ammonia  concentration  in  saliva  has  been  su^>rcstc<l  as  one  of  the  con¬ 
trolling:  tactoi’s  in  natural  iniinunity  to  dental  caries.  Although  the  am¬ 
monia  concentration  has  been  thoroughly  investijiatcd,''^  in  no  case  has  it  been 
reported  as  high  as  the  50  mg.  per  cent  claimed  by  Kesel®  to  be  necessary  for  the 
inhibition  of  the  growth  of  lactobacillus  acidophilus.  liudwick  ami  Fosdick" 
investigated  the  ammonia  content  of  dental  brushings  to  determine  whether 
the  ammonia  coneentration  on  the  t(M>th  itself  was  related  to  dental  caries.  No 
difference  was  found  in  the  ammonia  concentration  on  the  tooth  surfaces  of 
caries-active  or  caries-immune  persons.  Kesel*  mea.sured  the  ammonia  produced 
by  broth  cultures  of  caries-immune  salivas  over  an  H  day  period  and  found  that 
the  earies-immune  broths  had  an  inhibitory  effect  on  the  growth  of  lactobacillus 
acidophilus  which  he  attributed  to  the  high  ammonia  content. 

In  a  previous  report'  we  found  the  ammonia  producing  ability  of  saliva 
reached  a  maximum  in  24  to  4H  hours  and  in  no  case  did  the  amount  produced 
ecpial  50  mg.  per  cent.  As  the  salivas  of  a  limited  number  of  individuals  formed 
the  basis  of  this  observation,  it  was  decided  to  extend  the  investigation  to  a 
larger  group  and  to  include  a  study  of  the  relation  of  the  amount  of  salivary 
urease  to  the  lactobacillus  count  and  the  effect  of  glucose  on  the  activity  of 
•salivary  urease. 

EXI’KRIMENTAI, 

Salivas  were  collected  from  6S  students  at  the  Faculty  of  Dentistrj’,  Fni- 
versity  of  Toronto.  The  lactobacilli  were  counted*  and  the  salivas  incubated 
for  24  hours  at  37°  after  which  the  ammonia  N  content  was  determined  by 
the  Folin-Bell  permutit  method.*  The  color  was  measured  in  a  Lumet ron 
colorimeter. 

Table  I 

Mg.  Per  Cent  NH,-N  Prodcceb  in  Saliva  in  :i4  Hoi  ks 


lACTOBACILLUS  COCNTS 


UNDER  100 

100.50.000  1 

OVER  .50.000 

No.  of  Samples 

20 

25 

21 

Range  of  Values 

16.7  42.5 

11.1-63.0 

11.5-56.0 

(mg.%  NH,-N) 
Mean 

29.2 

27.6 

32.6 

Standard  Deviation 

10.1 

11.0 

13.7 

The  results  of  Table  I  show  no  significant  relationshiji  l)etween  ammonia 
produced  and  lactobacillus  count.  All  values  fall  within  the  siime  broad  range 
and  exhibit  a  high  standard  deviation. 

Received  for  publication,  Nov.  16.  1951. 

'Lactobacillus  counts  were  made  by  Miss  Berry,  Faculty  of  Dentistry,  University  of 
Toronto. 
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Hino  and  O'Donnell”  found  that  in  most  eases  salivary  sfimples  with  low 
laetohaeillus  eounts  eontained  more  active  urease-prodneinj?  bacteria  than  those 
with  hi"h  eounts.  We  were  concerned  with  the  relationship  between  the  urease 
activity  of  the  salivas  and  the  laetohaeillus  counts.  This  was  measured  by 
addinjr  a  solution  of  \irea  to  the  saliva  to  jiive  a  concentration  of  l.o  per  cent 
and  then  incuhatinjr  the  mixture  for  24  hours  at  87°  0.  The  ammonia  liberated 
in  24  hours  was  measured  by  means  of  the  previous  method.”  The  results  are 
shown  in  Table  II. 

T.mm.k  1 1 

M<;.  Pkr  (’k.\t  NHj-N  PKoi>n  ki»  ix  m  Hoi  ks  From  Frka  S.m.iv.v  Mixti  rks 


I..\CTOB.\('II.T.rS  I’OrXTS 


1  XDKR  100 

100-50,000 

OVKR  50,000 

Xo.  of  Samples 

lit 

25 

20 

Range  of  Values 

72-382 

34-380 

50-430 

(nig.%  XH,-X) 
Mean 

175 

103 

2(t0 

Standard  Deviation 

72 

01 

07 

In  consideriiifr  the  combined  data  of  Tables  I  and  II  there  was  some  indica¬ 
tion  of  a  relationship  between  the  amount  of  ammonia  produced  in  saliva  in  24 
hours  and  the  amount  of  ammonia  produced  when  urea  was  adde<l  to  the  saliva. 
When  these  amounts  were  i)lotted  the  points  were  scattered  around  a  straight 
line  in  such  a  way  as  to  sufTfiest  correlation.  However,  calculation  of  the  correla¬ 
tion  coefficient  proved  that  this  relationship  was  not  a  significant  one. 

In  our  previous  paper'  the  .stimulatory  effect  of  "lucose  on  the  action  of 
salivary  urease  was  noted.  Kxtendiiifr  this  initial  stmly  to  a  larger  number  of 
sub,ieets  it  was  found  that  in  all  cases  a  concentration  of  2.5  per  cent  "lucose 
increased  the  i)roduetion  of  ammonia  in  saliva-urea  mixtures.  The  results  are 
shown  in  Table  III. 

TABt.K  III 

Mo.  Pkk  t’KXT  XHj-N  PRiMircKi)  i.v  24  Hoi  rs  From  Ukka-Sai.iva  Mi.xti  rks  Pi.rs 

2..)  Pkr  Ckxt  (torcosK 


KACTOBACIM.I  S  COCXTS 


L'.XBER  too 

100.50,000 

OVER  50,000 

Xo.  of  Samples  j 

17 

25 

20 

Range  of  Values 

62-820 

73-712 

152-070 

(ing.%  XH,-X)  1 
Mean 

1  400 

340 

533 

From  the  results  of  Table  III  it  can  he  seen  that  the  amounts  of  ammonia 
formed  do  not  apj)ear  to  be  related  to  the  laetohaeillus  eounts. 

SU.M.MARV 

1.  The  activity  of  the  ammonia-producing;  mechanism  appears  to  he  un¬ 
related  to  caries  activity  as  measured  by  lactobaeillus  counts. 

2.  There  is  no  direct  relationship  between  the  urease  content  of  saliva  and 
the  laetohaeillus  count. 
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v.l.iine  M  AMMONIA  IMIOOrCTlON  AM)  I  IIKASK  ACTIVITY  IN  SAMVA  ‘>s:{ 

Niiinl'ct  2  ” 

The  relation  hetween  mease  aetivity  and  ammonia  pnahietion  is  not 
a  si‘;))ifi<*ant  one. 

4.  In  all  eases  the  presenee  of  2.0  per  eent  jilueose  was  found  to  stimulate 
the  aetivity  of  the  urease  present  in  saliva. 
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ALKALIXK  PIIOSPHATASK  IX  THH  .lAW  I’.OXES  AXI)  TP:ETII  OF  THE 
AEP.IXO  KAT  AS  KELATEI)  TO  AHXORMAE  STATES  OF  HODY 
OROWTII,  MIXERAL  M?:TAH0EISM.  AXI)  DEVEEOPMEXT 
ANNA  MOKSK  AND  ROY  O.  (JKEEP 
Harvard  School  of  Dental  Medicine,  Ho.ston,  Maxti. 

The  spatial  arranfreinoiit  of  the  enzyme  alkaline  phosphatase  in  the  tissues 
adjacent  to  calcified  structures  has  been  the  subject  of  many  investiffations 
since  the  advent  of  the  Gomori  histochemical  technique.'  Kabat  and  Furth^ 
fii'st  demonstrated  the  presence  of  alkaline  phosphatase  in  the  tissues  surround¬ 
ing  teeth  and  bones.  Subsequently,  detailed  studies  have  been  ])ublished  de¬ 
scribing  the  distribution  and  localization  of  alkaline  phosphatase  in  the 
developing  teeth  by  Gomori,*  Engel  and  Furuta/  Horowitz,'  Bevelander  and 
Johnson.''  and  Morse  and  Greep^  and  in  the  bones  by  Lorch,*  Zorzoli,”  and 
Greep,  Fischer,  and  Morse."’ 

These  investigations  of  the  histochemical  di.stribution  of  alkaline  phos¬ 
phatase  suggest  that  the  enzyme  plays  a  role  in  the  formation  of  the  hard 
elements  of  the  teeth  and  bones.  The  phosphate  radicals  which  are  split  from 
the  organophosphates  by  phosphomonoesterases  and  become  incorporated,  in 
part  at  least,  in  the  calcium  compounds  peculiar  to  hard  .structures.  It  would 
seem,  therefore,  that  the  enzyme  is  indispensable  to  normal  calcification." 

It  was  felt  that  elucidation  of  the  metabolic  role  of  ])hosphatase  might  be 
aided  by  determining  its  histochemical  localization  under  conditions  of  altered 
body  growth,  altered  mineral  metabolism,  and  abnormal  develoi)me»t.  Gon.se- 
quently,  the  phosphatase  complement  of  the  teeth  and  jaw  bones  of  the  albino 
rat  was  studied  in  hypophysectomized  and  rachitic  animals  and  in  a  mutant 
strain  of  rats  (“ia”)"’  with  a  transitory  defect  in  bone  resoiqdion. 

MATERIAL.S  AND  .METHODS 

Thirty-five  female  rats  were  hy])ophysect(uuize»l  at  ‘Jo  to  2b  days  of  age. 
Groups  of  4  or  5  of  these  animals  were  sacrificed  at  intervals  of  14,  21,  and  T2 
tlays  following  the  operation.  Other  groups  of  hyi)ophysectomized  animals 
were  injected  with  1  mg.  of  Armour’s  growth  hormone  per  day  for  I,  2,  or  4 
days  following  a  postoperative  period  of  14  days.  Xormal  controls  of  com¬ 
parable  age  were  sacrificed  at  the  same  time. 

A  group  of  35  male  and  female  animals  was  placed  on  a  synthetic  rachito- 
genic  diet  (Table  I)  at  21  to  23  days  of  age  and  sacrificed  without  regard  to 
sex  in  groups  of  6  or  7  after  14,  21,  26,  36,  and  125  days. 

Rats  of  the  “ia"  (incisor-absent)  strain  were  sacrificed  at  birth  and  at 
2,  5,  10,  15,  20,  and  30  days  postnatally. 

Tills  work  was  done  under  a  grant  from  the  .Viiierican  Cancer  Society,  Inc.,  on  the 
recommendation  of  the  Committee  on  Crowth  of  the  National  Research  Council. 

Received  for  publication,  Nov.  30,  1951. 
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Ail  the  rats  were  fed  purified  diets  (Table  I).  The  control  diet,  adequate 
in  all  known  eonstituetits,  eonsisted  of  sucrose,  vitaminized  laetalhumin, 
vitaminized  corn  oil  and  calcium,  and  phosphorus-deficient  salts  to  which 
calcium  carbonate  and  dibasic  sodium  phosphate  were  added  to  obtain  0.52  per 
cent  calcium  and  0.87  per  cent  phosphorus.  The  constituents  of  the  rachito- 
Kcnic  diet  appear  in  the  second  column  of  Table  I.  Vitamin  I)  was  eliminated 
from  the  corn  oil  and  the  calcium  co?itent  was  increased  to  1.04  per  cent  while 
the  amount  of  phosphorus  was  «lecreased  to  0.09  per  cent. 


Tabi.e  I 

(’ONSTITI’ENTS  OF  THE  DIETS 


NORMAI. 

DIET 

(OM.) 

RArHITOOEN'ir 

DIET 

(OM.) 

Sin'nisi* 

.l.lo 

.'1.15 

I,ncfalluiniin  pins  crystnllino  vitnniin  B  complex* 

120 

120 

Torn  oil  plus  fnt-solulile  vitamins*: 

with  vitamin  D 

to 

— 

without  vitamin  T) 

— 

25 

Salt  mixture  delieient  in  calcium  and  phosphorus* 

11 

11 

('alcium  carlxmate 

r>.5 

15 

Itilmsic  sodium  phosphate 

8.5 

2 

•Shaw. 


The  heads  of  all  the  animals  were  split  along  the  midsaggital  plane  im¬ 
mediately  after  removal.  One-half  head  was  placed  in  10  per  cent  formalde¬ 
hyde  in  jireparation  for  routine  histological  examination;  the  other  half  head 
was  fixed  in  chilled  80  per  cent  ethyl  alcohol  for  24  hours,  decalcified,  em¬ 
bedded  and  staineil  according  to  our  standardized  technique  for  the  demon¬ 
stration  of  alkaline  jihosphatase  in  the  bones  and  teeth  of  older  animals.’*' 
Sections  were  made  of  the  upper  incisor  in  a  longitudinal  plane,  the  upper 
molars  in  mesiodistal  jdane,  the  lower  incisor  in  cross  section  at  the  level  of  the 
third  molar,  and  the  mandibular  condyle  in  a  vertical  plane. 

RESULTS 

Normal  Control. — The  distribution  and  localization  of  alkaline  phosphatase 
in  the  contnd  animals  were  identical  with  those  found  in  the  normal  animals  of 
previous  studies.**’ ’**  In  the  bone  of  the  alveolar  process,  pho.sphata.se  was 
found  in  the  endosteal  and  periosteal  ti.s.sue,  Sharpey’s  fibers,  the  more  i>eripheral 
osteocytes,  and  the  marrow  cells.  A  faint  reaction  appeared  in  the  newly  appose<l 
matrix.  In  the  incisors,  the  reduced  enamel  oi^an  and  the  pulp  cells  im¬ 
mediately  subjacent  to  the  osteoblasts,  especially  on  the  labial  aspect  of  the  tooth, 
contained  the  greatest  concentration  of  enzyme.  Knzyme  was  also  present  in  the 
amelobasts  just  previous  to  and  during  mineralization  of  the  enamel  matrix, 
the  pulp  cells  and  the  periodontal  membrane  (Fig.  1). 

The  localization  of  phosphata.se  in  the  molars  was  essentially  the  same  as 
that  in  the  incisor,  although  the  distribution  varied  slightly  due  to  the  morpho- 
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log:ieal  differences  between  the  two  types  of  teeth  (Fifj.  10).  The  pulp  of  the 
molar  teeth  contained  ))hosphatase  throufihout  with  the  frreatest  concentration 
occurring  in  the  coronal  horns.  The  odontoblastic  ])roces.ses  in  the  same  area 
were  characteristically  darker  and  more  ]»ronouneed  than  elsewhere.  The 
mneosa  was  devoid  of  enzyme  hut  the  cells  of  the  epithelium  of  the  interdental 
papillae  and  the  free  marfiin  of  the  jjinjriva  contained  varyin}?  amounts  of  phos¬ 
phatase.  All  the  nuclei  were  faintly  positive  with  scattere»l  cells  exhibiting 
coarse,  granular,  reactive  areas  in  the  cytoi)lasm.  As  elsewhere,  the  reactions 
of  the  components  of  the  alveolar  and  supporting  hone,  the  periodontal  mem¬ 
brane  and  the  vascular  elements  were  typical. 

The  mandibular  comlyle  of  the  control  animals  at  the  start  of  the  exi)eri- 
ment,  i.e.,  ‘io  days,  was  ca]>i)ed  by  a  cartilage  consisting  of  three  distinct  zones. 
The  embryonic  zone  consisted  of  a  narrow  band  of  flattened  cells  on  the  articulat¬ 
ing  .surface.  A  faint  phosi>hatase  reaction  ap])eared  only  in  the  nuclei  of  these 
cells.  The  second  zone  made  up  of  eidarged,  rounded  cells  exhibited  enzyme  in 
both  nuclei  and  cyto])lasm.  The  third  zone  was  characterized  by  phosphatase- 
]>ositive,  vacuolated  cells  surrounded  by  i)ositive  matrix.  The  pericapsular  areas 
contained  a  higher  concentration  of  enzyme  than  the  remaining  matrix.  Positive 
rascular  elemeiits  invaded  the  more  di.stal  i)ortion  of  the  vesicular  zone.  From 
this  line  of  erosion,  fairly  numerous  bony  trabeculae  extended  into  the  shaft  of 
the  ramus  with  each  trabecula  surrounded  by  ])ositive  osteoblasts  and  l)one 
marrow  cells.  All  of  the  osteocytes  showed  the  i)resence  of  enzyme  in  their  nuclei 
and  cytoplasm. 

The  phosphata.se  localization  in  the  condyles  of  the  older  animals  remained 
typical  although  certain  tissue  changes  were  evident.  At  46  days  of  age,  the 
amount  of  matrix  between  the  vesicular  cells  had  increased  and  the  trabeculae 
were  coai’ser.  The  number  of  blood  ves.sels  imi)inging  upon  the  cartilage  and  the 
size  of  the  marrow  spaces  had  decrea.sed.  By  60  days  of  age,  the  trabeculae  had 
thickened  to  such  an  extent  that  only  a  few  blood  ves.sels  were  found  at  the 
cartilage  edge  and  the  bone  marrow  spaces  were  much  smaller.  The  total  enzyme 
reaction  of  the  cartilage  and  the  subcartilage  region  was  less  than  that  of  the 
controls  at  25  days  of  age  (Figs.  5  and  6). 

Altered  Body  (iroirth. — The  removal  of  the  pituitary  gland  brings  about 
a  sharj)  deceleration  in  growth.  In  the  hypophysectomized  rat,  formation  of 


Plate  I 

Photomicrographs  of  .sections  showing  the  distribution  of  alkaline  phosphatase  in  the 
rat  inci.sor. 

Kig.  1. — .Alkaline  phosphatase  in  longitudinal  section  of  upper  incisor  >>f  26-day-old  control 
rat.  Note  wide  periodontal  membranes.  Orig.  mag.  X22 

Fig.,  2. — Comparable  area  In  inci.sor  of  animal  fed  rachitogenic  diet  for  26  days.  The 
perio«lontal  membranes  are  narrower  than  those  of  controls.  The  predentin  and  the  osteoid 
borders  of  bone  show  slight  graying,  indicative  of  presence  of  phosphatase.  Orig.  mag.  X  20- 

Fig.  3. — Labial  aspect  of  incisor  of  an  animal  on  rachitogenic  diet  for  125  days.  In 
adiiition  to  its  usual  localization,  enzyme  is  found  in  a  wide  band  at  the  pulpal  border  of  the 
dentin.  Orig.  mag.  X80. 

Fig.  4. — Lingual  aspect  of  incisor  of  animal  on  rachitogenic  diet  for  125  days.  In  dentin 
immediately  adjacent  to  pulp,  there  is  band  in  which  small  phosphatase-positive  areas  are 
abundant.  Sharpey’s  fibers,  osteocytes  and  osteoid  nmtrix  of  alveolar  bone  contain  phosphata.se. 
The  cementoid  is  phosphatase-free.  Orig.  mag.  X80. 

A.B. — aveolar  bone;  .4. — amelobla.sts  ;  I). — dentin;  K. — enamel  matrix;  P. — pulp:  P.M. — 
periodontal  membrane. 
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the  bone  matrix  ami  tooth  substance  is  slowed  down  but  the  mineralization 
process  is  undisturbed  or  disturbed  only  in  the  direction  of  overcalcification. 
Eruption  of  the  teeth  is  progressively  retarded  and  ceases  at  about  8  months 
following  operation. 

Hypophysectomy  of  the  short  duration  used  in  this  study  (32  days)  had  no 
discernible  effect  upon  the  histology  of  the  incisal  or  molar  areas.  The  dis¬ 
tribution  and  localization  of  phosphatase  were  also  unchanged. 

In  the  mandibular  condyle,  on  the  other  hand,  the  effects  of  hypophysec¬ 
tomy  were  quite  evident  on  the  fourteenth  day  following  operation.  Chondro- 
genesis  was  markedly  reduced.  Narrowing  of  the  vesicular  zone  and  the 
smaller  size  of  the  chondrocytes  resulted  in  a  distinct  reduction  of  the  width  of 
the  cartilage.  Regular  trabeculae  formation  was  lacking  (Fig.  7).  At  21  and 
32  days,  the  changes  were  more  pronounced.  The  phosphatase  disti'ibution 
differed  from  the  normal  in  that  these  mor))hologic  changes  were  correlated 
with  a  reduction  in  the  enzyme-ixtsitive  elements. 

Administration  of  growth  hormone  to  the  hyi)oi)hysectomized  animals 
caused  an  immediate  stimulation  of  the  growth  process.  The  most  noticeable 
response  in  the  ,jaw  bones  and  teeth  occurred  in  the  condyle  where  the  lack 
of  hormone  had  had  the  greatest  effect.  After  injection  of  1  mg.  of  the 
hormone,  the  cartilage  had  increased  tremendously  in  width  concomitant  with 
an  increase  in  the  size  of  the  vesicular  cells  and  the  width  of  the  vesicular 
-  zone  (Fig.  8).  In  addition,  there  was  a  renewal  of  normal  erosion  and 
trabecular  formation.  The  phosphatase  content  of  the  vesicular  zone  increased 
as  the  zone  widened  since  each  cell  contained  a  typical  complement  of  enzyme. 
More  of  the  positive  vascular  elements  were  present  in  the  subcartilage  area. 
Even  with  this  short  period  of  injection,  it  was  clearly  evident  that  the  amount 
of  enzyme  present  increased  only  as  the  phosphatase-positive  tissues  in¬ 
creased. 

Mineral  Imbalance. — Definite  histological  changes  appeared  in  the  bones  and 
teeth  of  animals  placed  on  rachitogenic  diet  and  these  became  more  apparent 
as  the  period  of  rickets  was  extended.  Characteristi^lly  constant  findings  were 
the  increases  in  the  width  of  the  osteoid,  dentinoid,  aifti  cementoid  borders  at 
the  expense  of  the  periodontal  tissue,  bone  marrow,  and'^pulp.  Calcification 
and  resorption  were  markedly  reduced. 

The  phosphatase  pattern  in  the  rachitic  animals  differed  from  the  normal 
due  to  the^fact  that  the  phosphatase-positive  tissues  were  themselves  greatly 
increased  or  decrea.sed  in  amount.  In  the  incisors  of  animals  on  rachitogenic 
diet  for  26  days,  the  localization  of  the  enzyme  (Fig.  2)  was  the  same  as  in  the 
control  animals  (Fig.  1).  However,  the  osteoid  border  of  the  bone  and  the 
predentin,  both  of  which  contained  phosphatase,  had  increased  in  width  and 
there  was  narrowing  of  the  periodontal  membrane.  After  125  days  on 
rachitogenic  diet,  the  matrix  of  the  bone  and  dentin  exhibited  a  variable  but 
faint  reaction  throughout  (Fig.  3).  The  dentin  was  phosphatase-positive  to  a 
considerable  dei)th  from  the  odontoblasts,  and  scattered,  highly  reactive  areas 
occurred  immediately  adjacent  to  the  pulp.  The  cementoid,  however,  con¬ 
tained  no  phosphatase  (Fig.  4). 
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In  the  molar  rep:ion  of  the  rachitic  animals,  the  enzyme  localization  cor¬ 
responded  to  that  found  in  the  controls  (Fi^.  11).  The  only  additional  finding 
was  the  phosphatase-positive  cells  in  the  periapical  accumulations  of  cementoid 
tissue. 

The  histological  changes  in  the  mandibular  condyle  consisted  of  a  tremen¬ 
dous  increase  in  the  number  and  size  of  the  cells  in  the  vesicular  zone  and  the 
formation  of  osteoid  subjacent  to  the  cartilage  (Fig.  9).  Phosphatase  was 
present  in  the  nuclei  and  cytoplasm  of  all  the  vesicular  cells  and  in  the  matrix 
surrounding  them.  The  osteoid  tis.sue  was  variably  faintly  ])ositive.  The  over¬ 
all  result  was  a  relative  increase  in  the  phos])hatase  reaction  of  the  condyle. 
These  findings  were  similar  to  those  observed  in  the  reaction  of  the  proximal 
ei)ii)hyseal  cartilage  of  the  tibia  under  the  same  experimental  conditions.’^ 

Abnormal  Development. — The  “ia”  rat  is  a  mutant  strain  with  odontome- 
like  formations.  The  mutation,  discovered  and  bred  out  by  one  of  us  (R.  0.  G.), 
is  peculiar  in  the  respect  that  usually  only  the  third  molars  erupt  into  the  oral 
cavity.  A  detailed  histological  analy.sis  of  the  dental  regions  of  this  toothless 
rat  (Schour,  Bhaskar,  Greep,  and  Weinmann’’’)  shows  that  the  primary  cause  of 
the  formations  is  the  resistance  of  the  bone  to  re.sorption  during  the  develop¬ 
mental  period  between  the  eighteenth  day  after  insemination  and  the  twenty- 
first  postnatal  day.  Failure  of  the  bone  to  resorb  and  accommodate  the  in¬ 
creasing  size  of  the  tooth  germs  of  the  incisor  and  of  the  first  and  second  molars 
results  in  the  odontogenic  tissues  invading  the  bone  marrow  spaces.  The  third 
molar  is  less  seriously  affected  because  of  its  later  development.  Subse(juent 
deposition  of  dentin,  enamel  and  cementum  takes  place  wherever  the  formative 
tissues  occur.  The  end  result  is  a  bizarre  mixture  of  all  these  elements  with 
final  ankylosis  and  lack  of  eruption  (Fig.  12). 

From  birth  through  30  days  of  age,  the  localization  of  alkaline  phosphatase 
was  remarkably  typical  in  the  individual  tissues  in  spite  of  the  abnormal  posi¬ 
tions  in  which  the  tissue  elements  were  found  (Figs.  12  and  13).  The  reduced 
enamel  organ  of  the  incisor,  the  stratum  intermedium  of  the  developing  molars, 
and  the  pulp  immediately  .subjacent  to  the  odontoblasts  contained  the  greatest 
concentration  of  enzyme.  The  other  tis.sues  were  quite  comparable  to  the  normal 
in  their  enzyme  content.  It  is  intere.sting  to  note  that  the  osteoclasts  which  were 
particularly  numerous  during  the  nonresorptive  period  had  enzyme  in  both 
nuclei  and  cytoplasm. 


SU.MM.\RY  AND  CONCLUSIONS 

Alkaline  phosphatase  in  the  teeth  and  Imnes  of  the  albino  rat  has  been  in- 
ve.stigated  in  relation  to  abnormal  states  of  body  growth,  mineral  metaliolism, 
and  development.  The  enzyme  localization  is  unaffected  by  these  diverse  condi¬ 
tions  but  the  distribution  pattern  varies  depending  upon  the  morphological 
changes  induced. 

Ilypophysectomy,  by  eliminating  the  source  of  growth  hormone,  interferes 
with  growth.  (Calcification  is  normal  but  the  rate  of  apposition  is  reduced.  The 
phosphatase  is  noticeably  decreased  in  amount  in  the  synchondrosis  of  the 
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condyle  where  there  are  fewer  vesicular  cells.  An  immediate  increase  in  the 
number  of  cells  in  the  vesicular  zone  follows  subcutaneous  in,iection  of  fjrowth 
hormone.  Concomitantly,  the  enzyme  reaction  increases. 

Rickets  represents  an  extreme  case  of  abnormal  mineral  metabolism  induced 
by  the  lack  of  vitamin  D  and  a  high  calcium :  phosphorus  ratio  in  the  diet.  Ap¬ 
position  continues  at  a  normal  rate  but  the  newly  formed  matrix  fails  to  calcify. 
The  total  phosphatase  reaction  under  these  conditions  is  relatively  greater 
than  normal  because  of  the  marked  increase  in  the  positive  osteoid  and 
dentinoid  ti.ssues  and  in  the  vesicular  cells  of  the  condyle. 

In  the  “ia”  rat,  abnormal  development  is  caused  by  a  transitory  failure 
in  bone  resorption.  The  defect  re.sults  in  overcrowding  of  the  tooth  germ  with 
displacement  of  the  odontogenic  epithelium  and  ectopic  formation  of  enamel, 
dentin  and  cementum.  There  is  no  apparent  change  in  the  enzyme  content 
of  the  individual  tissues  although  their  arrangement  may  be  exceedingly 
bizarre. 

From  the  evidence  presented  here,  it  can  be  concluded  that  at  least  some 
abnormal  metabolic  states  aflfeet  the  histochemical  distribution  of  phosphatase 
in  the  jaw  bones  and  teeth  only  in  so  far  as  they  alter  the  amount  of  enzyme¬ 
positive  tissues  present. 
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SOLUBILITY  OF  ENAMEL  ON  AREAS  OF  KNOWN  HARDNESS 
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Teeth  are  often  described  as  being  “hard”  or  “soft.”  Although  this 
physical  property  is  one  often  referred  to  in  the  literature,  it  has  been 
difficult  to  measure  accurately.  Pickerill*  was  the  first  to  attempt  hardness 
studies  on  enamel  by  determining  the  force  necessary  to  scratch  it  with  a 
sharp  diamond  point.  Other  instruments  were  tried  but  because  of  the 
extreme  brittleness  of  the  enamel,  many  of  the  conventional  hardness  testers 
were  not  applicable.  Hodge*  te.sted  the  various  instruments  available  at  that 
time  and  reported  the  microcharacter  to  be  the  one  best  suited  for  this  pur¬ 
pose.  However,  it  also  had  definite  limitations.  The  subsequent  development 
of  the  Tukon  tester,  employing  a  Knoop  indenter,  placed  a  truly  accurate 
instrument  in  the  hands  of  investigators.*’  * 

Since  it  is  well  known  that  enamel  is  softened  when  subjected  to  both 
organic  and  inorganic  acids,  the  loss  of  resistance  to  an  indenting  force  is 
one  method  by  which  decalcification  has  been  measured.  Head*  devi.sed  an 
instrument  for  thrusting  a  j)lunger,  under  a  given  force,  into  enamel  and 
then  measuring  the  depth  of  penetration.  In  this  manner  he  pointed  out 
differences  between  sound  and  decalcified  enamel,  measuring  roughly  the  degree 
of  decaleification.  Dobbs®  and  PickerilP  scratched  the  enamel  and  attempted 
to  measure  the  decalcification  by  the  amount  of  enamel  removed.  Phillips  and 
Swartz'  later  demonstrated,  by  use  of  the  Tukon  tester,  a  more  refined  tech¬ 
nique  which  revealed  loss  of  enamel  hardness  when  it  was  .subjected  to  acid. 

However,  the  most  popular  method  of  studying  decalcification  has. been 
by  chemical  means.  The  most  accurate  for  determining  solubility  is  the  quan¬ 
titative  analysis  for  calcium  and  phosphorus  dis.solved  from  the  enamel.  Most 
of  those  studies  have  made  use  of  powdered  enamel.®’  ®’  ’®’  ”  BrudevobP*  used 
intact  enamel  surfaces  but  measured  only  the  amount  of  phosphorus  dis.solved. 
Ericsson,*’*  decalcifying  much  greater  areas  than  Brudevold,  determined  Imth 
the  calcium  and  phosphorus  removed  from  intact  enamel. 

There  have  been  some  attempts  made  to  show  what  correlation,  if  any, 
exists  between  the  physical  property  of  hardness  and  the  chemical  property 
of  solubility.  Pickerill,’  whose  method  has  been  described,  reported  there  was 
an  inverse  relationship  between  the  two.  Dobbs®  indicated  that  the  resistance 
to  acid  decreased  toward  the  dentino-enamel  junction  while  Hodge’^  reported 
the  hardness  to  be  less  in  this  area.  Klinger’-*  however,  was  unable  to  show 
any  correlation.  He  tested  the  hardness  and  solubility  of  teeth  taken  from 
carious  and  caries-immune  mouths.  Although  the  average  hardness  of  the 
caries-immune  teeth  appeared  to  be  about  25  per  cent  higher  than  that  of  the 
carious  group,  no  difference  in  solubility  was  detected.  Karlstrbm'®  showed 
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permanent  teeth  to  be  harder  than  deciduous  teeth,  and  Kanthak’*  utilizing 
this  information,  hypothesized  that  there  was  no  correlation  between  hardness 
and  solubility  of  deciduous  and  permanent  teeth. 

However,  in  all  of  these  studies,  with  the  techniciues  employed,  the  solu¬ 
bility  was  not  measured  on  the  same  areas  on  which  the  hardness  measurements 
were  made.  This  is  an  important  variable  and  could  possibly  have  been  a 
source  of  error.  It  is  generally  known  that  hardness  does  vary  greatly  in  dif¬ 
ferent  areas  of  the  .same  tooth**  as  well  as  from  tooth  to  tooth. ’•’  The  authors 
have  noted  in  testing  hundreds  of  teeth  that  even  adjacent  areas  on  the  same 
tooth  may  display  great  differences  in  inherent  hardness.  Thus  to  correlate 
accurately  the  hardness  with  solubility  exactly  the  same  area  on  the  tooth 
must  be  employed  for  both  tests.  In  most  of  the  previous  studies  described, 
the  teeth  were  allowed  to  remain  in  the  decalcifying  solutions  for  extended 
periods  of  time.  Undoubtedly  the  acid  penetrated  to  a  depth  far  below  the 
surface  where  the  hardness  measurements  had  been  made. 

Recognizing  these  and  other  variables  involved  in  earlier  studies  and  the 
lack  of  a  suitable  hardness  indenter  for  enamel,  it  was  felt  that  an  investiga¬ 
tion  should  be  made  to  determine  accurately  whether  any  correlation  exists 
between  enamel  solubility  and  its  inherent  hardness,  employing  exactly  the 
same  area  for  both  tests.  Such  data  might  prove  whether  a  harder  tooth,  per 
se,  is  less  soluble. 

PROCEDURE 

Sound  molar  teeth  placed  in  tap  water  immediately  after  extraction  were  . 
used  in  this  study.  Unfortunately  all  tl\e  hardness  testers  now  avaihable  do 
not  permit  measurements  to  be  made  on  a  curved  surface.  For  accurate,  well- 
defined  indentations,  a  flat  surface  must  be  used.  Consequently  all  tests  in 
this  investigation  were  performed  on  freshly  ground  surfaces.  Every  effort 
was  made  to  grind  each  tooth  in  the  same  plane  so  that  any  difference  in  hard¬ 
ness  due  to  the  direction  of  the  enamel  rods  would  be  minimized.  This  ground 
surface  was  prepared  parallel  to  the  long  axis  of  the  tooth.  The  technique  for 
sectioning  the  teeth  and  the  manner  in  which  they  were  mounted  in  prepara¬ 
tion  for  the  hardness  tests  have  been  described  in  a  previous  paper.' 

Since  the  hardness  does  vary  markedly  in  different  areas  of  the  same  tooth, 
one  of  the  initial  problems  in  this  research  was  to  determine  exactly  how  exten¬ 
sive  an  area  of  enamel  could  be  employed  and  still  maintain  uniform  hardness 
throughout.  As  large  an  area  as  possible  was  desirable  in  order  that  sufficient 
quantities  of  calcium  and  phosphorus  could  be  obtained  for  the  solubility  tests. 
However,  as  the  area  is  increased  there  is  naturally  greater  fluctuation  in  the 
enamel  hardness.  An  extensive  series  of  tests  were  devised  to  determine  the 
maximum  area  that  could  be  used  and  yet  maintain  approximately  uniform 
hardne.ss.  After  testing  hardness  throughout  concentric  circles  of  varying 
diameters  on  large  numbers  of  teeth  it  was  found  that  hardness  values  remained 
(juite  constant  on  an  area  2  mm.  in  diameter.  This  then  w'as  the  area  employed 
for  all  tests.  It  is  quite  true  that  some  variation  in  hardness  did  exist  even 
across  this  area  but  the  deviation  from  the  average  was  within  acceptable  limits. 
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The  decalcifying  solution  used  was  .2  molar  acetic  acid,  adjusted  to  pH 
2.5  by  the  addition  of  glacial  acetic  acid.  It  was  necessary  to  determine  the 
length  of  immei'sion  time,  a  minimum  time  being  desired  so  that  decalcification 
would  not  progress  deeply  into  areas  of  enamel  having  entirely  different  in¬ 
herent  hardness. 

Six  teeth  were  completely  covered  wdth  wax.  A  window’,  2  mm.  in  diameter, 
was  cut  in  the  wax  on  5  of  the  teeth,  thus  exposing  the  ground  enamel  surface. 
One  tooth  was  left  entirely  covered  and  served  as  the  control.  All  teeth  were 
then  immersed  in  test  tubes  containing  the  acetic  acid  decalcifying  solution 
and  placed  in  a  constant  temperature  bath  maintained  at  37°  C.  They  were 
removed  after  varying  periods  of  time  ranging  from  4  to  48  hours.  The  control 
tooth  remained  in  acid  for  48  hours.  Phosphorus  analyses  were  run  on  aliquots 
taken  from  each  of  the  decalcifying  solutions. 

The  results  of  these  tests  showed  that  4  hour  immersion  was  not  long 
enough  to  yield  sufficient  phosphorus  for  the  analysis  w’hile  8  or  more  hours 
of  immersion  produced  a  measurable  amount.  p]xamination  of  the  surface 
revealed  that  the  acid  had  penetrated  into  the  enamel  quite  deeply.  In  order 
to  decrease  the  depth  of  penetration  and  yet  maintain  the  phosphorus  at  a 
workable  level,  additional  teeth  with  exposed  windows  were  immersed  in  acid 
for  6  hours.  It  was  found  that  a  sufficient  amount  of  phosphorus  was  obtained 
at  the  end  of  this  time  interval  and  the  corresponding  depth  of  penetration 
was  small.  Thus  the  routine  procedure  established  was  to  decalcify  the  2  mm. 
diameter  area  for  a  period  of  6  hours. 

The  control  tooth  show’ed  no  phosphorus  in  the  acid  after  48  hours  con¬ 
tinuous  immersion,  and  therefore,  indicated  the  wax  to  be  an  impervious  coating 
agent  for  the  remainder  of  the  tooth. 


In  preparing  the  teeth  for  the  hardness  and  solubility  tests,  they  were 
mounted  in  plaster  with  the  specially  prepared  ground  surface  exposed.  The 
entire  tooth  was  then  covered  with  wax  and  a  2  mm.  diameter  circle  punched 
in  the  wax  with  a  leather  punch.  In  this  exposed  area  ten  hardness  inden- 
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tations  were  placed  in  a  i)attern  as  diagramed  in  Fig.  1.  The  hardness  of  a 
particular  tooth  was  calculated  as  the  average  of  these  measurements.  These 
indentations  are  microscopic  in  size  and  hence  it  was  felt  that  any  change  in 
enamel  due  to  the  indenting  force  would  not  be  sufficient  to  alter  the  solubility. 
After  the  hardness  tests,  the  exposed  window  w'as  prepared  for  the  solubility 
tests  by  cleaning  with  a  sharpened  orangewood  stick,  cotton,  and  ether.  A 
binocular  microscoi>e  was  used  to  make  certain  that  any  wax  film  on  this  sur¬ 
face  was  entirely  removed  and  would  not  interfere  with  the  decalcification. 
By  means  of  a  wire  inserted  into  the  pulp  chamber  the  tooth  w'as  suspended 
in  the  acetic  acid  for  6  hours  at  a  temperature  of  37°  C.  The  solutions  were 
agitated  constantly  during  this  time. 

Upon  removal  from  the  acid  the  teeth  were  carefully  rinsed  with  glass 
distilled  water.  The  decalcifying  solutions  were  filtered  by  a  porcelain  filter, 
diluted  to  50  ml.,  and  5  ml.  aliquots  analyzed  for  phosphorus.  The  method  of 
Fiske  and  Subbarow’*  was  used  with  a  Klett-Summei*son  photoelectric  color¬ 
imeter  employing  a  red  filter.  Calcium  was  analyzed  by  the  method  devised 
by  Solomon,  Gabrio,  and  Smith.’®  It  was  adapted  because  of  its  extreme  sensi¬ 
tivity.  (The  method  was  modified  somewhat  as  it  was  not  deemed  necessary 
to  go  through  the  ashing  procedure  to  oxidize  the  organic  matter.  Instead 
the  pH  of  the  filtrate  was  adjusted  and  the  calcium  precipitated  as  an  oxalate 
by  the  addition  of  2  ml.  of  saturated  ammonium  oxalate.) 

All  water  u.sed  for  making  reagents,  rinsing,  and  washing  glassw'are  was 
glass  distilled.  Care  was  taken  to  avoid  contamination  and  to  detect  any  w'hich 
might  have  been  introduced.  Two  water  blanks  were  run  with  eaeh  series  of 
tests  and  analyzed  for  both  calcium  and  phosphorus.  Control  teeth  completely 
covered  with  wax  were  frequently  placed  in  the  acetic  acid  and  aliquots  analyzed. 
At  no  time  was  any  leakage  of  the  wax  coating  detected. 

Calcium  determinations  were  run  in  triplicate  and  phosphorus  in  duplicate. 

RESULTS 

Hardness  determinations  and  phosphorus  analyses  were  made  on  the  same 
area  of  88  individual  teeth.  In  order  to  expediate  the  progress  of  this  study, 
calcium  determinations  were  run  on  only  20  of  these  teeth.  It  was  thought 
that  phosphorus  solubility  would  l)e  indicative  of  enamel  solubility  generally. 
Brudevold’®  measured  only  phosphorus  but  did  suggest  that  a  more  compre¬ 
hensive  investigation  might  well  include  calcium.  Results  obtained  on  these 
20  teeth  should  be  sufficient  cross  section  to  afford  a  reliable  index  of  the  calcium 
solubility  trend  of  the  entire  group. 

Enamel  hardness  varied  greatly  from  tooth  to  tooth  as  did  phosphorus 
solubility.  A  graph  summarizing  the  data  obtained  in  testing  the  88  teeth  can 
be  seen  in  Fig.  2.  Teeth  of  hardness  numbers  within  definite  ranges  have  been 
plotted  against  their  average  phosphorus  solubilities.  The  softest  tooth  had  a 
hardness  number  of  155,  while  the  hardest  w’as  229,  a  difference  of  over  40  per 
cent.  From  previous  experience  of  the  authors  in  testing  large  numbers  of  teeth, 
the  hardness  values  in  this  group  are  felt  to  be  representative.  It  is  recognized 
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that  there  are  teeth  or  even  areas  on  these  same  teeth  which  vary  considerably  in 
hardness  but  the  hardness  of  the  teeth  used  here  is  of  sufficient  latitude  to  repre¬ 
sent  a  typical  cross  section. 

Fif?.  2  illustrates  the  complete  lack  of  correlation  between  hardness 
and  solubility.  The  phosphorus  solubility  varied  widely  from  tooth  to  tooth. 
There  was  no  apparent  correlation  between  the  phosphorus  dis.solved  and  the 
inherent  hardness.  Teeth  of  almost  identical  hardne.ss  values  yielded  vastly 
different  quantities  of  phosphorus.  For  example,  tw'o  teeth,  w’ith  Knoop  num¬ 
bers  of  178  and  179,  yielded  .260  m^.  and  .720  m^.  of  phosphorus  respectively. 
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The  phosphorus  and  calcium  determinations  for  the  20  teeth  which  were 
analyzed  for  both  can  be  seen  in  the  third  and  fourth  columns  of  Table  I  and 
Fa/P  ratios  are  calculated  in  the  fifth  column.  There  was  no  eori*elation  be¬ 
tween  the  calcium  dissolved  and  enamel  hardne.ss.  The  averajfe  Ca  P  ratio  for 
the.se  20  teeth  was  2.38. 

As  a  further  check  on  these  data,  calcium  and  phosphorus  determinations 
were  run  on  three  different  areas  of  the  same  tooth.  Each  area,  of  course,  had 
an  inherently  different  hardness  value.  Three  teeth  were  tested  in  this  manner 


Oog  SWARTZ  AND  PHILLIPS  I-  D.  Re= 

April,  1952 


Table  I 


Soi.i 

BII.ITY  AXl)  HaKDXESS 

ox  THE  Same 

Area  of  88  Differext  Teeth 

AVERACE  KX<K)I> 

MG.  OF 

P 

MG.  OF  CA 

TOOTH 

xo. 

HARD.XESS 

I'ER  100 

ML. 

PER  100  ML. 

CA/P  rat:o 

4 

161 

.696 

1.471 

2.11 

19 

176 

.716 

1.868 

2.61 

L’t) 

178 

.508 

1.012 

1.99 

:n 

179 

.380 

0.981 

2.58 

37 

181 

.848 

2.036 

2.40 

45 

187 

.445 

1.088 

2.45 

4S 

189 

1.088 

2.538 

2.33 

52 

191 

.783 

1.569 

2.00 

5(1 

194 

.594 

1.468 

2.47 

r.o 

197 

.523 

1.303 

2.49 

c:i 

197 

.789 

1.697 

2.15 

ns 

202 

.406 

1.065 

2.62 

70 

203 

.526 

1.069 

2.03 

72 

205 

.376 

0.763 

2.03 

75 

208 

.463 

1.032 

2.23 

7S 

208 

.569 

1.478 

2.59 

84 

217 

.719 

1.887 

2.62 

S5 

220 

.431 

1.213 

2.82 

87 

225 

.621 

1.527 

2.46 

88 

229 

.709 

1 .865 

2  63 

and  the  results  ean  he  seen  in  Table  II.  Afjain  no  eorrelation  was  found  between 
hardness  and  solubility.  It  is  ai)|)arent  from  these  data,  however,  that  iiidi- 
vidual  teeth  do  vary  as  much  in  the  solubility  of  different  ai-eas  as  they  do  in 
hardness.  The  average  (’a/P  ratio  from  these  teeth  was  2.33. 

Tabi.e  II 


Soi.rBii.iTY  Axr>  Hakdxess  ox  Differext  Akea.s  of  the  Same  Tooth 


AVERAGE 

MG.  OF  P  j 

MG.  OF  CA 

- 

tooth  I 

SURFACE 

HAROXESS 

PER  100  MI.,  j 

I'ER  100  ML. 

CA/P  RATIO 

A 

192 

.559  i 

1.540 

2.75 

1 

B 

186 

.162  i 

0.306 

1.89 

C 

169 

1.615  ! 

3.243 

2.01 

A 

176 

.243 

.773 

.3.18 

O 

B 

186 

.376 

.778 

2.07 

f' 

213 

.518 

1.126 

2.17 

A 

197 

.293 

1  .741 

2.53 

3 

B 

188 

.168 

i  .376 

2.24 

211 

.400 

!  .843 

2.11 

Discrssio.v 

That  teeth  vary  in  their  resistance  to  decalcification  has  been  clearly  demon¬ 
strated.  This  sui)i)orts  Brudevold’s  report'-*  on  phosphorus  solubility.  He 
found  that  surface  solubility  varied  markedly  from  area  to  area  on  the  same 
tooth.  The  same  i)henomenon  is  apparently  true  of  subsurface  of  freshly  ground 
enamel.  Microscopical  examination  of  these  decalcified  areas  gave  further  evi¬ 
dence  of  differences  in  solubility.  Although  the  solutions  were  constantly  agi¬ 
tated,  certain  minute  areas  on  .some  teeth  appeared  to  be  almost  untouched  by 
the  acid.  When  the  depth  of  ))enetration  was  measured  the  floor  of  the  decalci¬ 
fied  area  was  uneven,  indicating  that  the  acid  had  penetrated  to  greater  depths 
in  some  areas  than  in  others. 
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The  Ca/P  ratios  obtained  in  this  study  were  somewhat  higher  than  the 
2:1  ratio  Armstrong  and  Brekhus-"  showed  to  exist  in  enamel.  As  intimated 
by  Brudevold'^  it  appears  that  calcium  and  .phosphorus  are  not  necessarily 
leached  out  of  intact  enamel  at  an  equal  rate.  Benedict  and  Kanthak,^*  using 
powdered  enamel,  noted  the  Ca/P  ratio  was  somewhat  high  during  initial  de¬ 
calcification  but  later  became  2:1  as  time  progressed.  It  is  true  that  in  the 
data  here  represented,  some  ratios  on  individual  teeth  closely  approach  2:1  but 
othei’s  were  considerably  higher.  If  the  solution  time  was  increased  beyond 
the  6  hour  interval  u.sed  here,  the  ratio  might  approach  2:1  as  shown  by  Bene¬ 
dict  and  Kanthak.  These  results  are  not  in  agreement  with  Ericsson'^  who  re¬ 
ported  no  significant  deviation  from  the  accepted  ratio  in  solubility  studies  on 
intact  enamel.  However,  he  did  not  give  individual  determinations  but  merely 
stated  that,  “from  untreated  tooth  surfaces  there  was  dis.solved  on  the  average 
of  about  0.12  mg.  calcium  and  about  0.06  mg.  phosphorus.” 

It  is,  of  course,  recognized  that  a  harder  surface,  which  is  less  soluble  in 
acids,  can  be  produced  by  artificial  means,  i.e.,  fluorides."  However,  from  this 
study,  the  natural  inherent  hardness  of  a  tooth  seems  to  bear  no  relation  to  its 
vulnerability  to  acid  attack. 


SUM  MARY 

The  hardness  and  solubility  on  identical  areas  of  ground  sui’faces  of  enamel 
on  a  large  number  of  teeth  were  measured. 

The  enamel  varied  widely  in  hardness  and  solubility  from  tooth  to  tooth  as 
well  as  from  area  to  area  on  the  same  tooth.  No  correlation  between  hardness 
and  solubility  was  detected. 

The  Ca/P  ratio  of  the  enamel  dis.solved  out  during  the  solubility  tests  was 
slightly  higher  than  the  2:1  known  to  exist  in  ena  nel. 
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Errata 

On  page  142  of  the  February  issue  of  the  .Toi'RNAi.,  under  Summary  and  Conclusions  in 
the  article  “The  Copper  and  Cobalt  Levels  of  Human  Saliva  and  Dental  Caries  Activity”  by 
Samuel  Dreizen,  Henry  II.  Spies,  .Ir.,  and  Tom  1).  Spies,  the  values  for  copper  and  cobalt  in 
saliva  should  be  expressed  in  micrograms  (Mg.)  rather  than  in  milligrams  (mg.). 

In  the  paper  by  Doctor  Robert  R.  Omata  “In  Vitro  Sensitivity  of  Fusobacteria  to 
Antibiotics,”  J.  I).  Bes.  30:  779,  1951,  the  units  of  terramycin,  chloramphenicol,  aure- 
omycin,  tyrothyricin,  dihydrostreptomycin,  and  streptomycin  are  given  in  Table  I  (page 
800)  as  mg.  for  ml.  These  units  of  measurement  should  read  “micrograms  per  ml.” 
instead  of  milligrams  (mg.). 

In  the  paper  by  Duncan  McConnell,  “The  Crystal  Chemistry  of  Carbonate  Apatites 
and  Their  Relationship  to  the  Composition  of  Calcified  Tissues,”  J.  J).  Bes.  31:  53,  1952, 
the  group  symbol  in  the  bottom  line  of  page  56  should  read  “C6,/m.” 
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